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It was noticed that the stabilized sand dunes of Northwestern 
Oklahoma have an interesting pattern in the plant communities. On the 
east-west facing slopes of the dunes, plant communities vary sharply 
from one slope position to another. With this in mind, pedons were 
allocated along a transect according to the variations in vegetation and 
slope position. TWo sites were chosen randomly out of 13 sites to be 
the study areas. A total of 12 pedons were described and sampled from 
both areas. 
The main objectives of this study are: (1) to help explain the 
variations in plant communi ties and soils within the sandy ecotones; 
(2) to obtain insight on soil genesis and soil-plant relationships; and 
(3) to help define soil mapping units in sandy areas. To reach such a 
compound objective, all soil properties that can be measured or noticed 
in the field were gathered and used. Vegetation also was studied, 
including species identification and counting of each species present. 
Two statistical methods were used, namely the canonical correlation and 
cluster analysis. A high speed computer was used in handling the data 
for the statistical analysis. 
This research is subdivided into seven chapters. The first chapter 
deals with general introduction, the second one deals with methods and 
materials, the third one deals with canonical correlation technique, the 
1 
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fourth chapter deals with soil-plant relationships in the stabilized 
sand dunes of Northwestern Oklahoma; the fifth chapter deals with soil 
genesis, morphology, and the mapping units of stabilized sand dunes and 
the cluster analysis; the sixth chapter deals with clay mineralogy of 
some selected soils of the dunes; and the seventh chapter deals with 
relief and its effect on soil-moisture and temperature profiles within 
the stabilized sand dunes. Some of these chapters will be manuscripts 
prepared for publication in the Agronomy Journals after minot modifica-
tions. 
The study area of this research is located in the southwest corner 
of Section 28, T. 25 N., R. 22 W., Harper County, Oklahoma. Published 
Soil Survey, Sheet No. 115. 
CHAPTER II 
METHODS AND MATERIALS 
Thirteen sites were selected and numbered according to differences 
in plant communities within each one and all having east-west facing 
slopes. Two of them were selected randomly to be the study areas. A 
trench was opened from the summit-to-summit in one of the two selected 
sites in order to describe and sample the soils. Six pedons were selec-
ted, described, and sampled from each site according to the variation 
in vegetation and aspect of the slope. Duplicate samples were obtained 
in the field instead of running duplicates in the lab. 
Field Work 
Vegetation Study 
The vegetation studies were conducted in detail in a cross section 
along each site in a line parallel to the sampled pedons. Plant species 
were identified and counted in each position using a 2 m2 metal square. 
This study, along with moisture and temperature measurements, was done 
with the cooperation of the Woodward Experiment Station. 
Morphological Study 
Soil pedons were described morphologically in the field using a 
special format to record information, including most of the morphological 
3 
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properties than can be noticed or determined (Figure 2.1, which has 
been used by Dawud, 1979). 
Moisture and Temperature Study 
4 
Moisture studies were conducted by using a neutron probe meter as 
described by Van Barel et al. (1963). Seven neutron probe metal tubes 
were installed along with the positions of the selected pedons. Mois-
ture content readings were taken each 20 em depth intervals to a total 
depth of 440 em. Readings were about two weeks apart for the entire 
growing season of 1978. Positions of the tubes, as well as the position 
of the pedons, are shown in Figure 2.2. Slope positions were identified 
according to Rube et al. (1968). Using thermocouples, two temperature 
readings were taken, one at 15 em depth and the other at SO em depth in 
the same positions of the selected pedons. Readings of the soil temper-
ature were taken at the same time as the moisture readings were taken 
and for the same period. 
Laboratory Work 
Samples were numbered randomly and the Slipped-Block design was 
used (Timon, 1962). Due to the misuse of the design in the lab, each 
duplicate sample was averaged and used in the statistical analysis. 
Chemical Analysis 
Samples were air-dried and passed through a two millimeter sieve. 
Mechanical analysis was done as· described by Grossman (1961) for 
particle size fractionation. Organic matter was removed by heating the 
soil with 31% hydrogen peroxide in a water bath (Jackson, 1956). Due to 
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Figure 2.1. Field Sheet Showing the Coding System of the Morphological Properties. 
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su. a summit; sh. = shoulder; bs. = backslope; fs. = foot slope; 
and ts. = toe slope positions 
Figure 2.2. Location of the Selected Pedons of Area One and Area 
Two with Slope Positions. 
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the• lil'Vt.•ru.l tn•at.uu•ntH doJH• on tlw Hoi I sumplt•H, u diBpersinp, agt•nt, 
sodium hexa-meta phosphate, was added to the samples. Clay was measured 
by the hydrometer method (Day, 1965). Very coarse sand, coarse sand, 
medium sand, fine sand, and very fine sand fractions were separated by 
appropriate sieves and measured. Using a fresh sample, organic matter 
was measured by determination of organic carbon using potassium dicro-
mate oxidation procedure as described by Schollenberger (1931). Cation 
exchange capacity was determined by saturating the soil with sodium 
acetate,pH 8.2 (Bower, 1952). Extractable cations (ca++, Mg++, K+, and 
Na+) were determined by using ammonium acetate procedure (Soil Survey 
Staff, 1972). Calcium and magnesium were determined by the 0.01 N EDTA 
titration method of Richards (1954). Sodium and potassium were measured 
with a Perkin Elmer 403 Atomic Absorption spectrophotometer. Soil pH 
was measured by Beckman pH meter on a 1:1 soil to water suspension. 
Mineralogical Analysis 
Samples were collected from two areas of sand dunes referred to as 
Ecotone 1 and Ecotone 2. The samples represent A, B, and C horizons in 
each profile. Soil profiles represent summits and toe slope positions. 
Soil samples were air-dried and passed through a two millimeter sieve. 
Carbonates and soluble salts content were removed from undisturbed soil 
samples by treatment with sodium acetate pH 5, organic matter content 
was removed by using 30% H2o2 oxidation method (Jackson, 1956). Removal 
of iron oxides was done by using the citrate-dithionite method (Kittrick 
and Hope, 1963). Due to the several treatments done on the samples, a 
dispersing agent, citrate buffer, was added to the samples. Separation 
of clay fractions was done by using a high speed centrifuge. To 
9 
separate the 2 microns fractions, the suspension was centrifuged at 750 
rpm for about 5.3 minutes as a .sedimentation time (Kittrick and Hope, 
1963). 
An oriente4 clay ~ample for X-ray diffraction analysis was prepared 
by addition of clay suspension to a porous ceramic slide mounted on a 
vacuum device fot removal of excess moisture. X-ray diffraction was 
obtained on a natural sampie, an ethylene glycol-solvated sample, and 
heated to 500°C for one hour, using a General Electric XRD 6 instrument 
with Ni-filter CuKa: at 30 KVP at 20 MA. The quarts-feldspars percentage 
was determined by Beke line immersion method in the dominant sand frac-




The vegetation data were selected to be the main group of variables 
in the canonical correlation technique. Ten dominant plant species were 
chosen anq subdivided into three main sets. The chemical and physical 
data were used as the other group of variables. It was subdivided into 
five main groups. Canonical correlation was done with each set and 
group separately until all possible combinations were reached. Soil-
moisture and temperature data also were used as another separate group 
of variables. Due to the differences in the number and the sequence of 
the genetic horizons, they were subdivided into four main horizons. A 
horizons, which exist in all locations, followed by B horizons, which 
are mainly B1 and B2 horizons. The Bt horizons for each location were 
represented in the canonical correlation by the weighted Bt horizons, in 
which each soil property was weighted by thickness. The locadons with 
more than one C horizon were tr~ated the same way as the weighted Bt 
horizons. After such a weighing procedure, the two sites of the study 
area had a total of 12 A horizons, 12 B horizons, 7 Bt horizons, and 10 
C horizons. A significant and close association was found between 
counts of different plant species and different variables of soil chemi-




The canonical correlation technique was introduced by Hoteling 
(1936) to understand the possible relationships between two sets of vari-
ables. A simple correlation coefficient (pairwise correlation) was used 
in this study to find the relationships between percentage counts of 
different plant species and different chemical and physical soil proper-
ties of the two sites. Due to the small number of observations, espe-
cially that of the Bt horizons, 7 observations, it was quite impossible 
to use all the variables at one time. 
For example, Sgr (sand dropseed), Bgr (blue grama), Asc (little 
bluestem), and Aha (sand bluestem) were correlated with thickness, pH, 
and organic matter as the first set with the first group of variables. 
Then the same set of vegetation variables were correlated with the second 
group, the third group, the fourth group, and the fifth group of chemical 
variables each at one time, separately. Table 3.1 shows the rest of the 
different sets and groups of variables and their combinations. 
As summarized byDawud (1979), the canonical variate, especially 
the first one, has another property besides displaying maximum correla-
tion. That property is the maximum variance. 
No attempts will be made in this chapter to describe the theories 
behind the canonical correlation technique. The main objective is to 
show the different correlations between soil variables and different 
plant species. 
Results and Discussion 
A total of eleven vegetation species and fourteen chemical soil 
properties were used in a total of 15 sets of combinations. The first 
TABLE 3.1 
THE DIFFERENT SETS AND GROUPS OF VARIABLES AND THEIR COMBINATIONS 
USED IN THE CANONICAL CORRELATION TECHNIQUE 
1st Group 2nd Group 3rd Group 4th Group 
Plant Species Thickness/pH/OM Ca/Mg/K Na/CEC/Clay Vcs/Cs/Ms 
Scr (Sand dropseed) 
Bgr (Bluegrarna) 
1st 
Asc (Little bluestern) set 1 4 7 10 
Aha (Sand bluestern) 
Pvi (Switch grass) 
Etr (Sand lovegrass) 
2nd 
Pst (Sand paspalurn) set 2 5 8 11 
Par (Texas blue grass) 
Other grasses 
Forbs 3rd 
set 3 6 9 12 
Shrubs 









twt If eompOfwd of Scr, Bgr, Asc, and Aha as the vegetation variables 
and th l!'kness of the horlzon, pH, and organic matter as the chemical 
variables. The same set of vegetation variables were repeated with Ca, 
Mg, and K as the second group, with Na, CEC, and Clay as the third group, 
with Vcs, Cs, and Ms as the fourth group, and with Fs, Vfs as the fifth 
group (Table 3.1). All conclusions will be based on 0.05 confidence 
interval. 
The second set of vegetation was composed mainly of Pvi, Etr, Pst, 
and Par. The third set of vegetation was other grasses, forbs, and 
shrubs. The same chemical data variables were applied in five different 
groups with each of the second and the third sets of vegetation. This 
was repeated for each horizon (A, B, Bt, and C horizons). 
\ First Group 
A-Horizons 
The First Set of Variables. Scr, Bgr, Asc, and Aha with thickness, 
pH, and OM. The canonical correlation of the first variates of this set 
was .86 (Table 3.2) (Prob>Chi-Sq = .2644). This can be interpreted as 
high Scr values (.70), low Bgr values (-.33), and low Aha values (-.66) 
are highly associated with low thickness values (-.70), low pH values 
(-.54), and low OM values (-.09) (Figure 3.1). In terms of the original 
data, it can be interpreted as low counts of Scr, high counts of Bgr, 
and high counts of Aha are highly correlated with thicker A horizons, 
high pH values, and high organic matter content. 
The Second Set of Variables. Pvi, Etr, Pst, Par with thickness, 
pH, and OM. The canonical correlation of the first variates of this set 
t.ANO'.;J C. A .. 
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Figure 3.1. Plot of the Compounds in the Plan of the First Pair of Canonical Variables 
for A Horizons, First Group, First Set of Variables • 
16 
woH .91 (Table 3. 3) (Prob>Chi-Sq • .135). This can be interpreted as 
high Etr values (.81), and moderately high Pvi values (.52) which are 
highly associated with high OM values (.74), moderately high pH values 
(.38), and very low thickness values (-.88) (Figure 3.2). In terms of 
the original data, the thickness has little or no effect on the counts 
of Etr and Pvi. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
thickness, pH, and OM. The canonical correlation of the first variates 
of this set was .71 (Table 3.4) (Prob>Chi-SQ = .4057). This can be 
interpreted as very high other grasses values (. 93), and very high forbs 
values (. 88) are moderately associated with high thickness values (. 81) » 
low pH values (-.59), and low OM values (.66) (Figure 3.3). The only 
pattern, in terms of the original data, is high other grasses and high 
forbs counts are highly correlated with low pH and moderately low organ-
ic matter content. 
Second Group 
The First Set of Variables. Scr, Bgr, Asc, Aha with Ca, Mg, and K. 
The canonical correlation of the first variates of this set was .88 
(Table 3.5) (Prob>Chi-SQ = .0350). This can be interpreted as moderately 
high Aha values (.49) with low Bgr values (-.44) are highly associated 
with very low Mg value (-.96) and low Ca values (-.44) (Figure 3.4). In 
another way, a low count of Aha and high counts of Bgr are well corre-
lated with high values of Ca and Mg. 
The Second Set of Variables. Pvi, Etr, Pst, Par with Ca» Mg, and 
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(Table 3.6) (Prob>Chi-SQ = .0014). This can be interpreted as high Par 
values (.82) and high Pvi values (.84) are highly associated with high 
Ca values (.96), high Mg values (. 79), and high K values (.81) (Figure 
3.5). This can be interpreted in terms of the original data as high 
counts of Par and Pvi correspond to high Ca, Mg, and K values. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
Ca, Mg, and K. The canonical correlation of the first variates of this. 
set was .80 (Table 3.7) (Prob>Chi-SQ = .3418). This can be interpreted 
as high other grasses values (.83) are highly associated with low Ca 
values (-. 70) (Figure 3.6). In terms of the original data, a high count 
of other grasses corresponds to low Ca values. 
Third Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Na, CEC, 
and Clay. The canon·ical correlation of the first variates of this set 
was .72 (Table 3.8) (Prob>Chi-SQ = .6217). This can be interpreted as 
high Bgr values (.55) and high Asc values (.65) are moderately associ-
ated with very high CEC values (1.0) (Figure 3.7). In terms of the 
original data, as CEC increases the Asc and Bgr counts increase. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Na, CEC, 
and Clay. The canonical correlation of the first variates of this set 
was .87 (Table 3.9) (Prob>Chi-SQ = .1324). This can be interpreted as 
high Par values (.92) and high Pvi values (.75) are highly associated 
with very high CEC values (.91) and moderately low Na values (-.41) 
(Figure 3.8). The best example, in terms of the original data, is in 
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32 
associated with high CEC in the A horizons of that location (5.28 meq/ 
lOO gm). 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
Na, CEC, and Clay. The canonical correlation of the first variates of 
this set was .84 (Table 3.10) (Prob>Chi-SQ = .1429). This can be inter-
preted as high other grasses values (.68), high forbs values (.69), and 
very high shrubs values (.88) are highly associated with high clay 
values (1.0) (Figure 3.9). In terms of the original data, it can be 
seen in llE, where it has a high forbs count (32.2), high shrubs counts 
(3.5) and high clay content in the A horizon (7.5%). 
Fourth Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Vcs, Cs, 
and MS. The canonical correlation of the first variates was .90 (Table 
3.11) (Prob>Chi-SQ • .0591) whi.ch can be interpreted as high Bgr values 
(.87) and moderately high Asc values (.45) are highly associated with 
moderately high Vcs values (.58), and very low Ms values (-. 95) (Figure 
3.10). No specific trend is noticed in terms of the original data. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Vcs, Cs, 
and MS. The canonical correlation of the first variates of this set was 
.96 (Table 3.12) (Prob>Chi-SQ • .0023). This can be interpreted as high 
Etr values (.65), moderately high Pst values (.42), very low Par values 
(-.89), and moderately low Pvi values (-.43) are highly associated with 
high MS values (.93) and moderately low Vcs values (-.56) (Figure 3.11). 
In terms of the original data, an increase in Ms percentages is accom-
panied by an increase in Etr counts, while an increase in Vcs percentages 
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is accompanied by an increase in Par and Pvi counts. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
Vcs, Cs, and Ms. The canonical correlation of the first variates of 
this set was .58 (Table 3.13) (Prob>Chi-SQ = .8018). This can be inter-
preted as very high other grasses values (. 9 7) , very high forbs values 
(.74), and high shrubs values (.53) are moderately associated with high 
Vcs values (.53) and high MS values (.46) (Figure 3.12). This can be 
interpreted,in terms of the original data, as high counts of other 
grasses, forbs, and shrubs are corresponding to high Vcs and Ms percen-
tages. 
Fifth Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Fs and Vfs. 
The canonical correlation of the first variates of this set was .95 
(Table 3.14) (Prob>Chi-SQ = .0046). This can be interpreted as high Bgr 
values (.82) and very low Scr values (-.56) are highly associated with 
very high Vfs values (1.0) and high Fs values (.70) (Figure 3.13). In 
terms of the original data, a high Bgr count corresponds to high percen-
tages of Vfs. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Fs and 
Vfs. The canonical correlation of the first variates of this set was 
.92 (Table 3.15) (Prob>Chi-SQ = .0079). This can be interpreted as high 
Etr values (.67), high Pst values (.63), and very low Par values (-.78) 
are highly associated with very low Fs values (-.85) and very low Vfs 
values (-.97) (Figure 3.14). In terms of the original data, a high 
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The Third Set of Variables. Other grasses, forbs, and shrubs with 
Fs and Vfs. The canonical correlation of the first variates of this set 
was .49 (Table 3.16) (Prob>Chi-SQ = .8440). This can be interpreted as 
very high forbs values (.69) is moderately low associated with very high 
Fs values (1.0) and high Vfs values (.65) (Figure 3.15). In terms of 
the original data, a high count of forbs is associated with high percen-
tages of Fs and Vfs. 
B Horizons 
First Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with thickness, 
pH, and OM. The canonical correlation of the first variates was .96 
(Table 3.17) (Prob>Chi-SQ = .0040). This can be interpreted as low Scr 
values (-.31), low Bgr values (-.37), and high Asc values (.89) are 
highly associated with high thickness values (.84), low pH values (-.60), 
and low OM values (-.02) (Figure 3.16). In terms of the original data, 
it can be interpreted as high counts of Scr and Bgr and low counts of 
Asc are highly associated with low thickness of the A horizon, high pH 
values, and high organic matter content. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with thickness, 
pH, and OM. The canonical correlation of the first variates of this 
set was • 82 (Table 3.18) (Prob>Chi·-SQ = .0526). This can be explained 
as high Etr values (.77), low Pvi values (-.46). and low Par values 
(-.44) are highly associated with low thickness values (-.70) and low 
pH values (-.63) (Figure 3.17). In terms of the original data, an 
increase in the thickness pf the horizon, higher pH values are 
l.Ai';O'ol LAL 
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accompanied with high counts of Etr and Pvi. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
thickness, pH, artd OM. The canonical correlation of the first variates 
of this set was .74 (Table 3.19) (Prob>Chi-SQ =.4165). This can be 
interpreted as high shrubs values (.82) and moderately low other grasses 
values (-.28) are highly associated with moderately low thickness values 
(-.44) and low pH value$ (-.75) (Figure 3.18). In terms of the original 
data, the thickness of the B horizon seems highly correlated with high 
counts of other grasses more than forbs and shrubs. 
Second Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Ca, Mg, 
and K. The canonical correlation of the first variates of this set was 
.84 (Table 3.20) (Prob>Chi-SQ = .3246). This can be explained as high 
Bgr values (.81), high Asc values (.60), and moderately low Scr values 
(-.29) are highly associated with high K values (.87), high Mg values 
(.76), and moderately high Ca values (.52) (Figure 3.19). In terms of 
the original data, higher values for Ca, Mg, and K corresponds with 
higher Bgr and Asc counts • 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Ca, Mg, 
and K. The canonical correlation of the first variates of this set was 
. 76 (Table 3.21) (Prob>Chi-SQ "" .6850). This can be interpreted as high 
Pvi values (.71), high Par values (.66), and very low Pst values (-.75) 
are highly associated with very high K values (.98), moderately high Mg 
values (.51), and moderately high Ca values (.56) (Figure 3.20). No 
specific trend was noticed in terms of the original data. 
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The Third Set of Variables. Other grasses, forbs, and shrubs with 
Ca, Mg, and K. The canonical correlation of the first variates of this 
set was .55 (Table 3.22) (Prob>Chi-SQ = .8988). This can be interpreted 
as very high forbs values (.79) are moderately associated with very high 
Ca values (.64) and very high K values (.82) (Figure 3.21). No specific 
trend was noticed in terms of the original data. 
Third Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Na, CEC, 
and Clay. The canonical correlation of the first variates of this set 
was .89 (Table 3. 23) (Prob>Chi-SQ = • 2695). This can be explained as 
high Bgr values (.80), high Asc values (.60), and moderately low Scr 
values (0.46) are highly associated with high CEC values (.99) and high 
Clay values (.85) (Figure 3.22). In terms of the original data, high 
counts of Bgr and Asc are favored by high values of CEC and Clay percent. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Na, CEC, 
and Clay. The canonical correlation of the first variates of this set 
was .94 (Table 3.~4) (Prob>Chi-SQ = .0247). This can be interpreted as 
high Par values (.92), high Pvi values (.82), and moderately low Pst 
values (-.40) are highly associated with high Clay values (.84) and high 
CEC values (.80) (Figure 3.23). In terms of the original data, an 
increase in Par and Pvi counts is favored by high values of Clay and CEC. 
The Third Set of Variables. Other grasses, £orbs, and shrubs with 
Na, CEC, and Clay. The canonical correlation of the first variates of 
this set was .78 (Table 3.25) (Prob>Chi-SQ = .2554). This can be ex-
plained as very high other grasses values (.88) and very high forbs 
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CA.~O~ICAL CORRELATIO~ .-\.~ALYSIS FOR B HORIZO~S, 
SECO~D GROL'P, THIRD SET OF \'ARIABLES 
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values (.93) are highly associated with moderately high CEC values (.20) 
(Figure 3.24). In terms of the original data, high counts of other 
grasses and forbs are favored by moderate values of CEC. 
Fourth GrouE 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Vcs, Cs, 
and Ms. The canonical correlation of the first variates of this set 
was .87 (Table 3.26) (Prob>Chi-SQ = .2111). This can be interpreted as 
high Bgr values (. 71) and moderately low Aha values (-.55) are highly 
associated with very low Ms values (-.87) and moderately low Cs values 
(-.67) (Figure 3.25). In terms of the original data, the higher percen-
tages of Ms and Cs, the higher the Aha counts. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Vcs, Cs, 
and Ms. The canonical correlation of the first variates of this set was 
.76 (Table 3.27) (Prob>Chi-SQ = .7975). This can be explained as very 
high Etr values (.89) and moderately low Par values (-.59) are highly 
associated with high Ms values (.91) and moderately high Cs values (.67) 
(Figure 3.26). In terms of the original data, higher counts of Etr are 
associated with higher percentages of Cs and Ms. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
Vcs, Cs, and Ms. The canonical correlation of the first variates of 
this set was .80 (Table 3.28) (Prob>Chi-SQ = .4187). This can be 
explained as high shrubs values (.65) and moderately low forbs values 
(-.41) are highly associated with high Ms values (.60) and very low Vcs 
values (-.63) (Figure 3.27). In terms of the original data, high shrubs 
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Figure 3. 27. Plot of the Compounds in the Plan of the First Pair of Canonical 




The First Set of Variables. Scr, Bgr, Asc, and Aha with Fs and Vfs. 
The canonical correlation of the first variates of this set was .82 
(Table 3.29) (Prob>Chi-SQ = .1684). This can be interpreted as high Bgr 
values (.72), moderately low Asc values (-.37), and moderately low Aha 
values (-.33) are highly associated with very high Fs values (.82) and 
high Vfs values (.68) (Figure 3.28). In terms of the original data, 
high Bgr counts are associated with high percentages of Fs and Vfs. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Fs and 
Vfs. The canonical correlation of the first variates of this set was 
.83 (Table 3. 30) (Prob>Chi-SQ = .0626). This can be explained as moder-
ately high Pvi values (.59), moderately high Etr values (.53), moderately 
high Par values (.56), and low Pst values (-.64) are highly associated 
with low Fs values (-.53) and high Vfs values (.75) (Figure 3.29). In 
terms of the original data, it can be explained a.s high counts of Pvi, 
Etr, Par, and low counts of Pst are highly associated with high percen-
tages of Vfs. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
Fs and Vfs. The canonical correlation of the first variates of this set 
was .48 (Table 3.31) (Prob>Chi-SQ = .8701). This can be interpreted as 
low other grasses values (-.49) and very low forbs values (-. 75) are 
associated with very low Fs values (-.97) (Figure 3.30). In terms of 
the original data, it can be explained as high counts of other grasses 
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Figure 3.28. Plot of the Compounds in the Plan of the First Pair of Canonical 
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Figure 3. 30. Plot of the Compounds in the Plan of the First Pair of Canonical 





The First Set of Variables. Scr, Bgr, Asc, and Aha with thickness, 
pH, and OM. The canonical correlation of the first variates of this set 
was 1.0 (Table 3.32) (Prob>Chi-SQ = .0001). This can be interpreted as 
high Bgr values (.98), moderately high Scr values (.32), and low Asc 
values (-.28) are perfectly associated with high thickness values (.78) 
(Figure 3.31). In terms of the original data, it can be explained as 
high counts of Bgr and Scr are highly associated with thicker Bt hori-
zons. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with thickness, 
pH, and OM. The canonical correlation of the first variates of this set 
was 1.0 (Table 3.33) (Prob>Chi-SQ = .0001). This can be explained as 
high Etr values (.80), moderately high Pst values (.53), and moderately 
high Pvi values (.47) are perfectly associated with very low thickness 
values (-.80), very low pH values (-.62), and high OM values (.77) 
(Figure 3.32). In terms of the original data, it can be explained as 
high counts of Etr, Pst, and Pvi are highly associated with high values 
of organic matter. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
thickness, pH, and OM. The canonical correlations of the first variates 
of this set was .99 (Table 3.34) (Prob>Chi-SQ = .0584). This can be 
interpreted as moderately low other grasses values (-.30) are highly 
associated with moderately low pH values (-.13) and moderately high OM 
values (.51) (Figure 3.33). In terms of the original data, it can be 
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Figure 3.33. Plot of the Compounds in the Plan of the First Pair of Canonical 
Variables for Bt Horizons, First Group, Third Set of Variables. 
explained as high counts of other grasses are highly associated with 
higher values of pH. 
Second Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Ca, Mg, 
90 
and K. The canonical correlation of the first variates of this set was 
1.0 (Table 3.35) (Prob>Chi-SQ = .0001). This can be explained as high 
Bgr values (.66), high Aha values (.65), and low Scr values (-.56) are 
perfectly associated with very low Ca values (-.99), low Mg values (-.56) 
and moderately low K values (-.30) (Figure 3.34). In terms of the ori-
ginal data, it can be explained as high Scr counts are highly associated 
with high values of Ca, Mg, and K. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Ca, Mg, 
and K. The canonical correlation of the first variates of this set was 
1.0 (Table 3.36) (Prob>Chi-SQ = .0001). This can be interpreted as high 
Pst values (.94), moderately high Etr values (.SS), and moderately low 
Par values (-.41) are perfectly associated with high Ca values (.97) and 
moderately high Mg values (.SO) (Figure 3.35). In terms of the original 
data, it can be explained as high counts of Pst and Etr are highly asso-
ciated with high values of Ca and Mg. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
Ca, Mg, and K. The canonical correlation of the first variates of this 
set was .92 (Table 3.37) (Prob>Chi-SQ = .3798). This can be interpreted 
as moderately high forbs values (.45) are highly associated with low K 
values (-.75). No specific trend was noticed in terms of the data 
(Figure 3. 36) • 
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Figure 3.36. Plot of the Compounds in the Plan of the First Pair of Canonical 
Variables for Bt Horizons, Second Group, Third Set of Variables. 
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Third Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Na, CEC, 
and Clay. The canonical correlation of the first variates of this set 
was 1.0 (Table 3.38) (Prob>Chi-SQ = .001). This can be interpreted as 
high Aha values ( .66) are perfectly associated with moderately low clay 
values (-.40) (Figure 3.37). No specific trend in terms of the original 
data exists. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Na, CEC, 
and Clay. The canonical correlation of the first variates of this set 
was 1.0 (Table 3.39) (Prob>Chi-SQ = .0001). This can be interpreted as 
moderately low Etr values (-.57) are perfectly associated with moder-
ately low clay values (-.35), and moderately low CEC values (-.28) 
(Figure 3.38). In terms of the origina+ data, it can be explained as 
high Etr counts correspond to high values of Clay content and CEC. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
Na, CEC, and Clay. No significant correlation can be seen in this set. 
Fourth Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Vcs, Cs, 
and Ms. The canonical correlation of the first variates of this set was 
1.0 (Table 3.40) (Prob>Chi-SQ = .0001). This can be explained as high 
Aha values (.88), moderately high Asc values (.52), and very low Scr 
values (-.65) are perfectly associated with high Cs values (.96) and 
high Ms values (.73) (Figure 3.39). In terms of the original data, it 
can be explained as high counts of Aha and Asc are highly associated 
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Ck~O~ICAL CORRELATION ANALYSIS FOR Bt HORIZONS, 
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Figure 3.37. Plot of the Compounds in the Plan of the First Pair of Canonical 
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TABLE 3.39 
C&~ONICAL CORRELATION &~ALYSIS FOR Bt HORIZONS, 
THIRD GROUP, SECOND SET OF VARIABLES 
!IE AN 0 F Gil. ()JP 1 CA~ONICAL CHI-SIW.t.R!' 
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TABLE 3.40 
CA~ONICAL CORRELATION ~~ALYSIS FOR Bt HORIZONS 
FOURTH GROL'P, FIRST SET OF \'ARIABLES 
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Figure 3.39. Plot of the Compounds in the Plan of the First Pair of Canonical 
Variables for Bt Horizons, Fourth Group, First Set of Variables. 





The Second Set of Variables. Pvi, Etr, Pst, and Par with Vcs, Cs, 
and Ms. The canonical correlation of the first variates of this set was 
1.0 (Table 3.41) (Prob>Chi-SQ = .0001). This can be interpreted as 
moderately high Pst values (.45) and moderately low Pvi values (-.43) 
are perfectly associated with very low Vcs values (-.73), very low Cs 
values (-.97), and very low Ms values (-.79) (Figure 3.40). This is 
true in terms of the original data, high counts of Pvi are highly asso-
ciated with high percentages of Vcs, Cs, and Ms. 
The Third Set of Variables. Other grasses, forbs and shrubs with 
Vcs, Cs, and Ms. The canonical correlation of the first variates of 
this set was 1.0 (Table 3.42) (Prob>Chi-SQ = .0447). No significant 
correlations were noticed in this set (Figure 3.41). 
Fifth Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Fs and 
Vfs. The canonical correlation of the first variates of this set was 
.92 (Table 3.43) (Prob>Chi-SQ = .2156). This can be interpreted as 
moderately high Asc values (.58), moderately high Aha values (.50), and 
moderately low Bgr values (-.41) are highly associated with very low 
Vfs values (-.78) (Figure 3.42). In terms of the original data, it can 
be explained as high counts of Bgr are highly associated with high per-
centages of Vfs. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Fs and 
Vfs. The canonical correlation of the first variates of this set was 
.92 (Table 3.44) (Prob>Chi-SQ = .3068). This can be interpreted as high 
Par values (.65), and moderately low Etr values (-.47) are highly 
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TABLE 3.41 
C~~ONICAL CORRELATIO~ ~~ALYSIS FOR Bt HORIZO~S 
FOCRTH GROCP, SECOND SET OF VARIABLES 
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Figure 3.40. Plot of the Compounds in the Plan of the First Pair of Canonical 
Variables for Bt Horizons, Fourth Group, Second Set of Variables. 
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CA.'W~ICAL CORRELATIO~ A.~ALYSIS FOR Bt HORIZONS, 
FOl'RTH GROl'P, THIRD SET OF VARIABLES 
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Figure 3.41. Plot of the Compounds in the Plan of the First Pair of Canonical 
Variables for Bt Horizons, Fourth Group, Third Set of Variables. 
0 
co 
!:UWNI:AL "[A'I "1F .:;F.JU? I 
w A-: !All~.- E ~ A'iD"'If \L 'i.l.ol. (o\';l:: 
i.l39S3.3 7; 
l. J. 5.lJlbSb:. 
TABLE 3.43 
Ck~O~ICAL CORRELATION fu~ALYSIS FOR Bt HORIZO~S, 
FIFTH GROrP, FIRST SET OF \' ARIABLES 
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TABLE 3.44 
CANO~ICAL CORRELATION &~ALYSIS FOR Bt HORIZO~S, 
FIFTH GROrP, SECOXD SET OF VARIABLES 
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.associated with high Vfs values ( .87) (Figure 3. 43), which means that a 
high Par count is highly associated with high percentages of Vfs, in 
terms of the original data. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
Fs and Vfs. The canonical correlation of the first variates of this set 
was .87 (Table 3.45) (Prob>Chi-SQ = .3014) (Figure 3.44). No signifi-
cant correlation can be noticed in this set. 
C Horizons 
First Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with thickness, 
pH, and OM. The canonical correlation of the first variates of this set 
was .92 (Table 3.46) (Prob>Chi-SQ = .4567). This can be interpreted as 
high Scr values (.75), moderately high Bgr values (.36) and moderately 
low Asc values (~.38) are highly associated with high thickness values 
(.58) and moderately low pH values (-.24) (Figure 3.45). In terms of 
the original data, high counts of Scr and Bgr are highly associated with 
thicker C horizons and high counts of Asc are highly associated with 
high pH values. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with thickness, 
pH, and OM. The canonical correlation of the first variates of this set 
was .92 (Table 3.47) (Prob>Chi-SQ = .2110). This can be interpreted as 
low Pst values (-.45) are highly associated with very low pH values 
(-.99), low OM values (-.52), and moderately low thi'ckness values (-.32) 
(Figure 3.46). The best example, in terms of the original data, is in 
llW where the Pst has a maximum count (13.0) and the pH value ls in the 
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Plot of the Compounds in the Plan of the First Pair of Canonical 
Variables for Bt Horizons, Fifth Group, Third Set of Variables. 
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Ck~ONICAL CORRELATION .~~ALYSIS FOR C HORIZONS, 
FIRST GROL'P, FIRST SET OF VARIABLES 
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Figure 3.46. Plot of the Compounds in the Plan of the First Pair of Canonical 
Variables for C Horizons, First Group, Second Set of Variables. 
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120 
range of 8.0 with a very thick C horizon. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
thickness, pH, and OM. The canonical correlation of the first variates 
of this set was .68 (Table 3.48) (Prob>Chi-SQ = .7866). This can be 
explained as very high other grasses values (.93) are moderately asso-
ciated with very low thickness values (-. 68) and high pH values (. 45) 
(Figure 3.47). In terms of the original data, high other grasses values 
are favored by high pH values. 
Second Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Ca, Mg, 
and K. The canonical correlation of the first variates of this set was 
.93 (Table 3.49) (Prob>Chi-SQ = .2173). This can be interpreted as high 
Scr values (.62), high Bgr values (.70), and moderately high Aha values 
(.46) are highly associated with high Mg values (.81) and moderately low 
K values (-.35) (Figure 3.48). In terms of the original data, high 
counts of Scr and Bgr are highly favored by high Mg values. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Ca, Mg, 
and K. The canonical correlation of the first variates of this set was 
.86 (Table 3.50) (Prob>Chi-SQ = .3229). This can be interpreted as 
high Par values (.80), high Pvi values (.65) and very low Pst values 
(-.82) are highly associated with high K values (. 74), moderately high 
Mg values (.32) and moderately low Ca values (-.40) (Figure 3.49). In 
terms of the original data, high counts of Par and Pvi are highly asso-
ciated with high values of K and Mg. 
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The Third Set of Variables. Other grasses, forbs, and shrubs with 
Ca, Mg, and K. The canonical correlation of the first variates of this 
set was . 76 (T.able 3.51) (Prob>Chi-SQ = .5887). This can be explained 
as moderately pigh forbs values (.50) are highly associated with very 
high Ca values (.86) and very high Mg values (.95) (Figure 3.50): In 
terms of the original data, high counts of forbs are favored by high 
values of Ca and Mg. 
Third Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Na, CEC, 
and Clay. The canonical correlation of the first variates of this set 
was .90 (Table 3.52) (Prob>Chi-SQ = .2379). This can be interpreted as 
high Bgr values (.93), moderately high Asc values (.48), and moderately 
high Aha values (.60) are highly associated with high CEC values (.87) 
(Figure 3.51). In terms of the original data, high counts of Bgr, Asc, 
and Aha are favored by an increase in the CEC values. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Na, CEC, 
and Clay. The canonical correlation of the first variates of this set 
was .92 (Table 3.53) (Prob>Chi-SQ = .3848). This can be explained as 
very high Par values (1.0), high Pvi values (.80), and moderately low 
Pst values (-.52) are highly associated with high CEC values (.97), and 
moderately high Na values (.52) (Figure 3.52). In terms of the original 
data, high counts of Par and Pvi are favored by high values of CEC. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
Na, CEC, and Clay. The canonical correlation of the first variates of 
this set was .88 (Table 3.54) (Prob>Chi-SQ = .0958). This can be 
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interpreted as high forbs values (.62) are highly associated with high 
CEC values (.54) and high Clay values (.65) (Figure 3.53). In terms of 
the original data, it can be explained as high counts of forbs are 
highly associated with high values of CEC and Clay content. 
Fourth Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Vcs, Cs, 
and MS. The canonical correlation of the first variates of this set was 
.98 (Table 3.55) (Prob>Chi-SQ = .0108). This can be interpreted as high 
Bgr values (.76) and moderately high Asc values (.41) ate highly asso-
ciated with very low Ms values (-.88) (Figure 3.54). In terms of the 
original data, it can be explained as low counts of Bgr and Asc are 
highly associated with high percentages of Ms. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Vcs, Cs, 
and MS. The canonical correlation of the first .variates of this set was 
.91 (Table 3.56) (P.rob>Chi-SQ = .4560). This can be interpreted as high 
Par values (.86), high Pvi values (.72), and low Etr values (-.67) are 
highly associated with very low Ms values (-.88) and very low Cs values 
(-.82) (Figure 3.55). In terms of the original data, the high cotm.ts 
of Etr seem highly associated with high percentages of Ms and Cs. 
The Third Set of Variables. Other grasses, forbs and shrubs with 
Vcs, Cs, and Ms. The canonical correlation of the first variates of 
this set was .93 (Table 3.57) (Prob>Chi-SQ = .1149). This can be inter-
preted as moderately high forbs values (.53) and moderately low shrubs 
values (-.38) are highly associated with high Vcs values (.66) and very 
low Ms values (0.72) (Figure 3.56). In terms of the original data, it 
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Figure 3.56. Plot of the Compounds in the Plan of the First Pair of Canonical 
Variables for C Horizons, Fourth Group, Third Set of Variables. 
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can be explained as high counts of shrubs are highly associated with 
high percentages of Ms, while high counts of forbs are highly associated 
with high percentages of Vcs and Cs. 
Fifth Group 
The First Set of Variables. Scr, Bgr, Asc, and Aha with Fs and Vfs. 
The canonical correlation of the first variates of this set was .87 
(Table 3.58) (Prob>Chi-SQ = .0603). This can be explained as high Bgr 
values (.78) and moderately high Asc values (.38) are highly associated 
with very high Fs values (.98) and high Vfs values (.64) (Figure 3.57). 
In terms of the original data, it can be explained as high counts of Bgr 
and Asc are highly associated with high percentages of Fs and Vfs. 
The Second Set of Variables. Pvi, Etr, Pst, and Par with Fs and 
Vfs. The canonical correlation of the first variates of this set was 
.88 (Table 3.59) (Prob>Chi-SQ = .1390). This can be interpreted as high 
Pvi values (.79), high Par values (.81), and low Etr values (-.62) are 
highly associated with high Fs values (.86) and very high Vfs values 
(1.0) (Figure 3. 58). In terms of the original data, it can be explained 
as high counts of Pvi and Par with low counts of Etr are highly associ-
ated with high percentages of Fs and Vfs. 
The Third Set of Variables. Other grasses, forbs, and shrubs with 
Fs and Vfs. The canonical correlation of the first variates of this 
set was .82 (Table 3.60) (Prob>Chi-SQ = .2416). This can be explained 
as high forbs values ( .69) are highly associated with very high Fs 
values (.92), and high Vfs values (.52) (Figure 3.59). Inter~ of the 
original data, it can be explained as high counts of forbs are favored 
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by high percentages of Fs and Vfs. 
Canonical Correlation Using Temperature Readings 
at 15 ern Depth 
150 
The vegetation variables are Scr, Bgr, Asc, Aha, and Pvi with the 
temperature readings of May, June, July, August, September, October, and 
November. The canonical correlation of the first variates was 1.0 
(Table 3.61) (Prob>Chi-SQ = .0001), which can be explained as high 
counts of Scr (.65) and very low counts of Aha (-.84) are highly asso-
ciated with high May through October temperatures and low November tern-
perature readings (Figure 3.60). The Bgr, Asc, and Pvi are too small 
to be listed. In terms of the original data, the highest Scr counts 
per 2 m2 exists on the 23E position (18.5) and Aha in this position is 
.1. The highest temperature value was recorded in 11W (27.7°C). The 
differences in temperature between the different locations is not signi-
ficant. 
The other group of vegetation variables are Etr, Pst, Par, other 
grasses, and forbs with temperatures of May through November at 15 em 
depth. The canonical correlation of the first variates was 1.0 (Table 
3.62) (Prob>Chi-SQ = .0001). This can be interpreted as high Etr values 
(. 65) , low values of other grasses (-.57), and low forbs values (-.53) 
are highly associated with low values of May through September and moder-
ately high values of October and November. In another way, the high 
counts of other grasses and forbs are highly associated with high tern~ 
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Canonical Correlation Using Temperature Readings 
at 50 em Depth 
155 
The vegetation variables are Scr, Bgr, As c, Aha, and Pvi with the 
temperature readings in May, June, July, August, September, October, and 
November at 50 em depth. The canonical correlation of the first variates 
was 1.0 (Table 3.63) (Prob>Chi-SQ = .0001). Low Scr values (-.40), low 
Bgr values (-.52), and high Aha values (.79) are highly associated with 
low temperature values for May (-.55), June (-.65), and July (-.55), 
high values for August (.60), low values for September (-.65) and Octo-
ber (-.67), and high values for November (.09) (Figure 3.62). In 
another way, high counts of Scr, high counts of Bgr, and low counts of 
Aha are correlated with high temperatures from May through October, and 
low temperatures for November. August has a low temperature in 13E and 
24E (24.1 and 24.2°C, respectively). 
The other group of vegetation variables are Etr, Pst, Par, other 
grasses, and forbs. The canonical correlation of the first variates was 
1.0 (Table 3.64) (Prob>Chi-SQ = .0001). This could be explained as low 
Etr (-.44), low Pst (-.35), and high Par (.97) are highly associated 
with low (-ev/y) value of temperature from June through October and high 
(+ev/y) value for November (.59), which means high Etr counts, high Pst 
counts with low Par counts are highly corresponding with relatively 
high temperature values from May through October and with low November 
temperature value (Figure 3.63). 
Canonical Correlation Using Total Moisture 
Content 
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total moisture content of May, June, July, August, September, October, 
and November. The canonical correlation of the first variates was 1.0 
(Table 3.65) (Prob>Chi-SQ = .0001). This can be interpreted as low Scr 
values (-.61), high Asc values (.64), and high Aha values (.81) are 
highly associated with moderately high May values ( .48), high June 
values (.51), high July values (.55), high August values (.52), high 
September values (.45), high October values (.43), and high November 
values (.48) (Figure 3.64). High counts of Asc and Aha are associated 
with relatively high total moisture content in May through November in 
terms of the original data. 
The other group of vegetation variables are Etr, Bst, Par, other 
grasses, and forbs with the total moisture content of May through 
November. The canonical correlation of the first variates was 1.0 
(Table 3.66) (Prob>Chi-SQ = .0001). This can be explained as moderately 
high Etr values (.36), low Pst values (-.61), and high Par values (.53) 
are highly associated with moderately high July values (.53), moderately 
high August values (.50), moderately high September values (.52), moder-
ately high October values (.52), and moderately high November values 
(.52) (Figure 3.65). High counts of Etr and Par are highly associated 
with relatively high total moisture content in terms of the original 
data. 
Summary and Conclusions 
Relationships between eleven dominant plant species and fourteen 
different soil chemical properties using the canonical correlation tech-
nique were studied in different combinations. Soil-moisture, as well as 
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of variables with that of vegetation counts. A significant correlation 
was found between different plant species and many of the chemical pro-
perties and soil-moisture data. It would be more helpful if these 
results were accompanied by an intensive physiological plant study to 
correlate the different physiological and morphological plant properties, 
such as root systems, under these conditions. Such a study would pro-
vide more information about the native grasses and their habitat, 
especially those of soils. 
As shown by the results of the canonical correlation, some species 
are highly correlated with CEC, organic matter, thickness of A and B 
horizons and Clay content. Other species are highly correlated with 
fine sand and very fine sand fractions. This can be explained by the 
diversity of the plant species in terms of their physiological and gene-
tic make up. 
Moisture results showed that many plant species were highly corre-
lated with relatively high total moisture content. Temperature results 
showed that most plant species correlated with high temperatures from 
May through October and with low temperatures in November, which is the 
same pattern of the original data. 
Some of the results of this chapter will be discussed in detail in 
some other chapters. 
CHAPTER IV 
SOIL-PLANT RELATIONSHIPS IN THE STABILIZED SAND 
DUNES OF NORTHWESTERN OKLAHOMA 
Abstract 
Ten dominant plant species on the stabilized sand dunes of North-
western Oklahoma were noticed to vary sharply along a transect on an 
east-west facing slope. The frequencies covered by these species were 
used in the canonical correlation technique as the first group of vari-
ables with those of measurable soil properties as the second group of 
variables. Soil-moisture and soil-temperature data also were introduced 
to the study. 
Soil-moisture was found to have a detrimental effect on the distri-
bution of plant communities on the soil surface. Cation exchange capa-
city, clay content, organic matter, and the thickness of A and B horizons 
also made a significant contribution in controlling the type and the 
frequency of the plant species. Presence or absence of the argillic 
horizon in a certain position controls the availability of soil-moisture 
and the latter has a direct influence on the plant species distribution. 
Introduction 
In recent years great emphasis has been directed towards soil-plant 
relationships. This relationship is an important part of the concept of 
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soil productivity (Bartilli, 1978). Soil-plant relationships are 
greatly influenced by any soil property that controls nutrient or mois-
ture supply to the plants. Understanding such a relationship and the 
environmental factors surrounding both soil and plants will help soil 
scientists, range management people, soil conservation workers, and many 
others to overcome the difficulties that are associated with producti-
vity and management of our soils. The first prerequisite to any success-
ful range improvement practice and associated grazing program is an 
understanding of the soil types and plant species present and the soil-
plant relationships. Soils and vegetation are the basis for determining 
range sites and range sites are the fundamental units for range manage-
ment (Powell and Baker, 1974). 
The measurable soil properties that influence soil-plant relation-
ships, such as effective depth of roots, organic matter content, parti-
cle size distribution, cation exchange capacity, kind and amount of clay 
minerals present, permeability, available water-holding capacity, shape 
and degree of soil slope, and many others, are included in any soil sur-
vey to be used as an important tool in soil production and management 
indices. Most of these soil properties are included in this study to 
help explain variations in plant communities and soils within the sandy 
ecotones of Northwestern Oklahoma and to obtain insight into soil gene-
sis and soil-plant relationships in the stabilized sand dunes of the 
same area. 
Results and Discussion 
Soils of the Area 
The two sites of this study are located on rolling, stabilized sand 
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dunes, which consist of mainly Pratt-Tivoli soil associations~ It is a 
group of sandy soils occurring on the sandy mantle strips north of the 
Canadian, Cimmarron, and Salt Fork Rivers. Sands have been reworked by 
wind action to form a duney strip. Sand dunes in Harper County are 
believed to have been deposited during the Pleistocene Age (Soil Survey, 
Harper County, 1951). As shown in the Block diagrams of both sites, 
these soils are either very deep with undeveloped soil profiles occupying 
the summit and the shoulder positions of the slopes or soil with a well-
developed soil profile having a thick argillic horizon in the lower 
positions of the slope. Some of the deep sandy soils have a buried 
argillic horizon at various depths. Profile descriptions as well as 
other soil featur~s of these two sites are discussed elsewhere in this 
study. 
Vegetation Study 
As shown in Tables 4.1 and 4.2, plant species vary sharply from one 
slope position to another in both sites. On the west-facing summit of 
the first site, the dominant plant species are sand dropseed, forbs, and 
other different species of grasses with low percentages of cover as 
individual species, but they have up to 23.6%, collectively. On the 
shoulder of the west-facing slope, the same plant species appears to be 
dominant, except that switchgrass appeared with a 3.3% cover on this 
position. On the west-facing toe slope, bluegrama, Texas bluegrass, 
sand dropseed, and forbs makes the major plant species. The one differ-
ence between the east and the west-facing summits is the dominance of 
sand paspalurn with 27.9% cover on the east-facing summit, while the 
cover is only 6.0% on the west-facing summit. The east and the west-
TABLE 4.1 
RANGE PLANT SPECIES AND PERCENTAGES OF COMPOSITION ON THE FIRST SITE OF SAND DUNES 
PERCENTAGES OF COMPOSITION 
SPECIES EAST EAST EAST WEST WEST WEST 
SUMMIT SHOULDER TOE SLOPE TOE SLOPE SHOULDER SUMMIT 
SAND DROPSEED 16.3 * 14.2 * 16.1 4.8 14.0 * 30.9 * 
BLUE GRAMA 5.1 1.8 23.4. 4.6 5.2 0.2 
LITTLE BLUESTEM 4.1 1.6 1.1 3.9 0.0 0.0 
SAND BLUESTEM 2.1 0.9 2.2 29.3 * 0.0 0.0 
SWITCHGRASS 0.6 3.3 3.2 0.4 0.0 0.0 
SAND LOVEGRASS 0.0 3.7 0.0 6.1 0.5 0.0 
SAND PASPALM 6.0 8.7 0.4 0.7 5.2 27.9" 
TEXAS BLUEGRASS 0.1 4.7 26.1 * 0.0 0.0 0.0 
FORBS 37.9 * 35.8 * 24.8 * 38.4 * 39.1 * 37.6 * 
OTHER GRASSES 23.6 * 20.2 * 2.8 11.9 * 35.1 * 3.2 
SHRUBS 4.1 4.3 0.0 0.0 0.7 0.2 
*THE COMMON SPECIES IN THAT PARTICULAR POSITION. 
TABLE 4.2 
RANGE PLANT SPECIES AND PERCENTAGES OF COMPOSITION ON THE SECOND SITE OF SAND DUNES 
PERCENTAGES OF COMPOSITION 
SPECIES EAST EAST EAST WEST WEST WEST 
SUMMIT SHOULDER TOE SLOPE TOE SLOPE SHOULDER SUMMIT 
SAND DROPSEED 41.0 * 28.7 * 31.8 * 4.6 15.4 * 22.6" 
BLUE GRAMA 0.0 0.0 0.0 3.1 0.0 0.0 
LITTLE BLUESTEM 0.0 0.2 1.0 11.1 " 2.8 3.7 
SAND BLUESTEM 0.0 0.0 0.2 4.8 0.0 5.6 
SWITCHGRASS 0.0 0.0 0.7 13.4" 4.9 3.9 
SAND LOVEGRASS 11.0 * 14.0 * 10.1 * 7.0 5.9 14.5 * 
SAND PASPALM 25.7 * 15.6 * 11.9" 7.9 10.4" 6.1 
TEXAS BLUEGRASS 0.0 0.0 0.0 17.4 * 29.4" 0.0 
FORBS 12.9" 24.7 " 35.2 * 24.5 * 21.6" 31.7 * 
OTHER GRASSES 8.0 4.8 7.7 6.1 7.6 5.6 
SHRUBS 0.3 11.3 0.0 0.0 1.3 5.9 
"THE COMMON SPECIES IN THAT PARTICULAR POSITION. 
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facing shoulders showed no significant differences in the plant communi-
ties' composition. On the east-facing border of the toe slope, sand 
bluestem covers 29.5% compared to 2.2% cover on the west facing border 
of the same position. Sand lovegrass is more abundant on the east-
facing toe slope and is absent on the west-facing slope. 
On the second site, the west-facing summit is dominated by sand 
dropseed, sand paspalum, sand lovegrass, forbs, and other grasses of 
different species. It differs from that of the east-facing summit by 
the absence of little bluestem, sand bluestem, and switchgrass. The 
differences between the east and the west-facing shoulders is the pre-
sence of Texas bluegrass with 29.4% cover on the east-facing slope and 
its absence on the west-facing slope. Sand dropseed is present with a 
maximum percent cover (30.9%) on the east-facing summit of the first 
site and it is present in a maximum percent cover on the west-facing 
summit (41.0%) of the second site. Both summits have a buried argillic 
horizon, while it is absent in the other two summits. The same pattern 
can be noticed for sand paspalum. 
In most of the studies done on this subject, soil-moisture is con-
sidered as the number one factor that controls the type and the frequen-
cy of plant species. In general, plant ecologists agreed that within 
climatic regions, quantity and availability of soil-moisture are major 
determinants df g~ographic distribution of pl~nt species. Equally 
important in explaining plant distribution within a climatic zone is 
variation in the force that can be exerted by different species to 
remove water from soil (Farrel et al., 1975). As can be seen from the 
results of the canonical correlation, a high correlation was found be-
tween high percentages of Sporoblus cryptandrus (sand dropseed), 
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Andropogon hallii (sand bluestem), Panicum virgatum (switchgrass), Era-
grostis trichodes (sand lovegrass), Poa archnifera (Texas bluegrass), 
Paspalum stramineum (sand paspalum), and forbs and high total moisture 
content. Certain types of plant species are dominant on positions of 
high moisture content. The rest of the plant species, which did not 
correlate with high total moisture content, seem to prefer a drier 
habitat or can grow well in less moisture content thari others. As an 
example, Bouteloua gracilis (bluegrama) is usually the dominant species 
on low moisture sites, while Andropogon scoparius (little bluestem) 
appears to thrive on damp sites (Majures, 1975). Also Andropogon hallii 
(sand bluestem) was found to have a higher emergence in soils with 
higher moisture availability after treatment with pathogenicide (Stub-
bendieck and Wayne, 1975). 
In another study, Briske and Wilson (1977) found that Bouteloua 
gracilis (bluegrama) seedlings can initiate adventitious roots during 
severe droughty conditions in the surface soil. In general, the yield 
of shortgrass plains was found to be a function of current season pre-
cipitation, while plant composition and ground cover were more closely 
related to previous season precipitation (Harold et al., 1975). Andro-
pogon hallii (sand bluestem) and Paspalum stramineum (sand paspalum) pro-
duction increased as a result of an increase in the available soil-water 
content (Briton et al., 1978). 
As shown in Tables 4.1 and 4.2, some plant species have a higher 
percentage of cover on positions that have an argillic horizon, which 
simply means that higher soil moisture is available to the plant roots 
of such species. A very high correlation was also found between high 
counts of most of the plant species and high clay content and cation 
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exchange capacity. Ca, Mg, and K have different correlations with dif-
ferent plant species. Generally, Mg and K have a high correlation with 
the same plant species. This could be due to the homogeneity of the 
positions in terms of the amounts of these cations. A very high corre-
lation was found between high organic matter content and the thickness 
of A and B horizons and high frequencies cover of most of the plant 
species. 
pH values seem to have a different effect on plant species. Some 
species, such as Bouteloua gracilis (bluegrama), Andropogon hallii (sand 
bluestem), Eragrostis trichodes (sand lovegrass), Panicwn virgatwn 
(switchgrass), Sporoblus cryptandrus (sand dropseed), Poa arachnifera 
(Texas bluegrass), and other grasses, were highly correlated with high 
values of pH. The rest of the species have nonsignificant correlations. 
Species, such as Bouteloua gracilis (bluegrama), Poa arachnifera (Texas 
bluegrass), Panicwn virgatum (switchgrass), Eragrostis trichodes (sand 
lovegrass), and forbs, were found to have a very high correlation with 
fine and very fine sand fractions. The rest of the species did not show 
any significant pattern. 
Summary and Conclusion 
Ten dominant plant species were used in the canonical correlation 
as the first set of variables with weighted measurable chemical and phy-
sical soil properties. Soil-moisture and temperature also were intro-
duced to the system to find out what the most important soil properties 
are that control the type and frequency of different plant species. 
Soil-moisture seems to have a great influence on the distribution of the 
plant communities. Presence of the argillic horizon, 'which has a higher 
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CEC and percent clay content, has a direct effect on soil4moisture avail-
ability and the latter has a great influence on the plant distributions. 
Some plant species prefer drier habitats than others which did not 
highly correlate with high total moisture content. Organic matter, pH, 
and thickness of A and B horizons are very important soil properties in 
the existence and· distribution of most of the plant species studied. A 
physiological plant study on each species is required to provide more 
information about plant individuals and their physiological behavior 





















Scr: - Sporoblus cryptandrus iSand dropseed) 
Bgr: - Booteloua gracilis (Blue grama 
Pst: - Paspalum stramineum (Sand paspalum) 
Par: - Poa arachnifera !Texas bluegras.sl 
Pvi: - Panicum wirgatum fSwitch grass) 
Aha: - Andropogon halli (Sand bluestem) 
r--.s 
0 ... -
' = ~ 




































"' 60 E " 0 
0 
"' r-- a: 
.a 50 w 
0 
CL . "' ... = t-z f! :;) co 








ll t: ~ ,. 





















Scr:- Sporoblus Cryptandrus (Sand dropseedl 
Etr: - Eragrostis Trichodes (Sand lovegrassl 
Pst: - !'.s!Mfum Stramineum (Sand pas.-luml 
Asc: - Andropogon Scop.rius (Little bluesteml 
Aha: - Andropogon Halli (Sand bluesteml 
Pvi: - Panicum Virgatum (Switch grass) 














































SOIL GENESIS, MORPHOLOGY, AND THE MAPPING 
UNITS OF STABILIZED SAND DUNES 
Abstract 
In one of the two sites selected for this study, a trench was 
opened from summit-to~summit in order to sample and describe the soil 
pedons. Figures 5.1 and 5.2 are Block diagrams sketched in the field 
sharing an accurate representation of the sequence of the genetic hori-
zons and the different stratas to a depth of about five meters. A total 
of six pedons were sampled and described from each site. Most of the 
soils on the summit and shoulder positions are weakly-developed soils 
and the soils on the toe and back slopes are deep, well-developed soils. 
A buried argillic horizon, present in the west-facing summit of the 
first site at a depth of 260 em, extends to the back slope position of 
the east-facing slope. In the second site, a buried argillic horizon, 
present in the east-facing summit at a depth of about 300 em, extends 
to the back slope of the west-facing slope. 
These soils were classified as one association, namely the Pratt-
Tivoli soil association. A more practical and precise definition of the 
mapping unit is required for better soil management. A new name on the 
level of sub-group should be added to these sandy soils with a buried 







Figure 5.1. Block Diagram of Ecotone 1 East and West Showing the Positions 








VERY FINE SAND 
Figure 5.2. Block Diagram of Ecotone 2 East and West Showing Posi-
tions of the Selected Pedons with the Slope Percentages. 
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reader, especially for the range management workers. A cluster analysis 
technique was used using measurable soil properties to show the grouping 
trends of the genetic horizons of the two areas. Four groups of the 
genetic horizons were recognized based on chemical properties. Grouping 
of some Bl, B2, B2t, and C horizons with A horizons in one group indi-
cates the difficulty in separating the lower boundary between the solum 
and the parent material of a weakly-developed soil. Cluster analysis, 
based on percentage cover of vegetation, shows that summits, shoulders, 
and toe slopes support different plant communities as they differ in the 
number and sequence of the genetic horizons. 
Introduction 
The objective of this chapter is to help define the mapping units 
in sandy areas as well as to obtain insight on soil genesis of the sta-
bilized sand dunes of Northwestern Oklahoma. Pratt-Tivoli is the main 
soil association in that area, which consists of deep sandy soils that 
have been formed on a steep sand dune under a cover of tall native 
grasses. These soils were formed as a result of reworked sand by wind 
action from adjacent rivers. Slope changes in these sandy areas 
resulted in changes in the number and the sequence of the genetic hori-
zons present. Due to the importance of the sandy area in Harper County 
in the field of range management, more precise information about the 
soil of different range sites is required. This study will provide valu-
able information about the soil and its relationships with the native 
vegetation. The increasing number of objectives which soil surveys now 
serve in both agricultural and non-agricultural areas, requires that 
greater emphasis be placed on more accurate and precise definitions of 
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the basic interpretive elements of surveys, namely the mapping unit. In 
many cases, only a small portion of the landscape is investigated by 
soil scientists in delineating a mapping unit and very often these obser-
vations do not reflect the magnitude of the inclusi~ns present, which 
might be quite important to describe them separately. 
Results and Discussion 
Soil Morphology and the Mapping Units 
As can be seen from the Block diagrams of the two areas (Figures 
5.1 and 5.2) and the morphological description of the pedons, two major 
soils can be recognized in the stabilized sand dunes of Northwestern 
Oklahoma. Very deep, weakly-developed, sandy in texture, somewhat 
excessively drained soils occupy the summit and back slope positions of 
the sand dunes. Stratified sand and very fine sand are the main charac-
teristics of the parent material. The surface A horizon is loamy sand 
with medium weak granular structure. The thickness of this horizon 
varies according to the slope position. The B (carnbic) horizon of these 
soils is loamy sand to sandy loam in texture, with a weak subangular to 
prismatic breaking to subangular and angular blocky structure. The most 
important feature of these sandy soils is the presence of buried argil-
lic horizons at various depths. In the first site of the sandy area, 
this horizon, present at a depth of 260 ern in the west-facing summit, 
extends to the back slope of the east-facing slope. In the second site, 
the buried argillic horizon, present in the east-facing summit at a 
depth of about 300 em,· extends to the back slope of the west-facing sum-
mit. The presence of such a horizon in these sandy soils is very signi-
ficant. Most of the grass roots extend down to reach the argillic 
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horizon to obtain its requirement of available moisture. Although this 
horizon is beyond the defined limits of the solum, it represents the 
main source of moisture for the native grasses in the area. In classi-
fying sandy soils according to the seventh approximation (1975), the 
importance of this buried horizon was not recognized, which influences 
their interpretations very greatly in terms of soil productivity and 
management. The other type of soil occupies the foot slope and toe 
slope positions of the two areas, which consists of deep, well-developed 
soil profiles. Clay content, cation exchange capacity, and available 
moisture in these soils are very high compared to those sandy soils in 
the summits. 
A typical soil body, depicted as a mapping unit on a detailed soil 
map, may include other soils to the extent of about 15% as defined by 
the soil survey manual (1951). In the stabilized sand dunes of North-
western Oklahoma, the inclusions are more than this defined percentage 
and require more precise definitions of the mapping unit. Fridland, 
quoted by Boulet al. (1973), stated that a mapping unit on a detailed 
soil map may actually include other soils to the extent of about 35% by 
area rather than the prescribed 5 to 15% of accepted definitions. Clas-
sifying these soils as Pratt-Tivoli soil association does not provide 
enough information about the soil, especially for the range management 
people and many others (Pendleton, 1915). Harradine (1949), who was 
primarily interested in whether or not soil types were being mapped 
accurately in the field and whether the properties that defined such 
classification units were significant or useful to other research 
workers, found that soil maps were of limited use, mainly because the 
classification units are too loosely defined and too often inaccurately 
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mapped. Choosing the suitable mapping unit is important and required 
for land improvement, which is the key factor in increasing the output 
of these soils. Properties in the selection of land units for improve-
ment should be based on existing limitations and assessed potential of 
particular soil type (Floate, 1977). 
In many cases, it is quite difficult to separate small soil inclu-
sions from the dominant soil in the area for many reasons. Among them 
are difficulties which arise in defining criteria used to determine 
boundaries between mapping units (Ivara, 1979). Also practical carto-
graphy limits the separation procedure due to scale of the maps being 
used. James and Springer (1965) pointed out that small acres, less than 
one acre in size, of different soils are included in many delineations. 
It is not feasible to separate areas of this size on a map at the scale 
of four inches to the mile. In fact, many efforts are made to separate 
soils that respond differently to management, based on some suite of 
soil properties. The decision as to which properties to use is usually 
within the domain of the soil survey party. Degree of slope, soil mois-
ture regime, and surface soil texture were used in many cases to separ-
ate the different mapping units (Ivara, 1979). 
Cluster Analysis 
A total of 61 genetic horizons from two areas were used in this 
study using 14 measurable chemical and physical soil properties in one 
step, and 11 dominant plant species in another separate step. Normali-
zation of the data was based on the Talkington (1967) procedure. The 
similarity matrix was then converted to a dendogram using the unweighted 
average agglomerative procedure. The genetic horizons were then 
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classified into different groups according to their similarity level. 
The information theory by Norris (1971) was applied in construction and 
classification of the transition matrices. Cluster analysis technique 
was used by many people as a tool in grouping different soils according 
to its different properties. The earliest numerical approach to classi-
fication of the soil was by Hole and Hironaka (1960). Many people 
argued about the problems in selecting the soil properties that can be 
used in numerical classification. The chemical data, such as cation 
exchange capacity, percent clay content, extractable cation, soil pH, 
etc. are always continuous variables and cause no trouble in the analy-
sis. However, most of the morphological data, such as soil texture, 
structure, and consistency, are usually discrete or multistate variables 
and are troublesome in the analysis (Rodney, 1968). The aspects of 
coding, transformation of quantitative characters, and that of weight-
age to be given to different characters are needed through examination 
(Gaikawad et al., 1977). Deletion of some characters probably would be 
necessary for numerical taxonomy of soils to be effective (Grigal and 
Arneman, 1969). Sneath and Sokal (1973) suggested deleting any proper-
ties that are logical consequences of another and stated that weighting 
all variables equally, especially where classification is intended to be 
a natural or basic classification for general use, rather than one for 
a specific objective. Also Arkely (1976) agreed that in the first stage 
of analysis, the use of an equal weight to each variable is certainly a 
sound approach. Sarkar, Bidwell, and Marcus (1966) stated that too 
closely related characters might exert a double emphasis on a certain 
property and unduly influence the classification. 
The set of data used in this study was based mainly on measurable, 
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continuous chemical and physical soil properties and percentage cover 
of plant species to avoid complications of the discrete variables of 
the morphological properties. The groups of the genetic horizons for 
both sites obtained by the cluster analysis is shown by the dendograms 
(Figure 5.3). 
The groups of the genetic horizons for both sites obtained by the 
cluster analysis is shown by the dendograms. Mean character difference 
(MCD) was applied to measure the distance coefficients (Russell, 1967 
and Webster, 1972). 
With results at the similarity level of D = .70, four groups of 
genetic horizons can be recognized. All A horizons are clustered in 
Group 3, which simply means that all A horizons in the different loca-
tions have a high similarity index. In the same group there are some 
wild distributions of some B1, B2, B2t, and C horizons. This could 
partly be due to the difficulty in recognizing the lower boundary of the 
solum where the change between the parent material and the solum is very 
gradual (Dawud, 1979). In another paper, Dawud and Gray (1979) sugges-
ted using the bulk density and OM as the main criteria in separating 
the solum and the parent material. Most of the B2t horizons are grouped 
in Group 2, although it is interesting to notice that B21t and B22t of 
22W, as well as B21t of 24E, are .clustered together in Group 4. The 
only explanation is that.these two pedons have maximum illuviation. 
B21t of 24E has 25% clay with cation exchange capacity of 23 meq/100 gm, 
while the B21t of 22W has 22.5% clay and 18.6 meq/100 gm CEC. In the 
B22t of the same location, the percent clay is 31 with a 22.4 meq/100 
gm CEC. These values of clay content and CEC are the highest compared 
with other locations. Since the cluster analysis was based on the 
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chemical properties, then this kind of grouping is expected. Most of 
the B horizons (cambic) and the C horizons (parent material) are grouped 
in one group (Group 1) • For the same reason, it cannot be avoided, 
especially in the sand dunes area where an alternative layer of fine to 
very fine sands are present, due to different depositional periods. 
In the next stage, three levels of similarity measurements were 
. used to show. the different groupings of the pedons according to their 
genetic horizons. Similarity levels of .70, .65, and .62 were used for 
all locations (Figures 5.4, 5.5, and 5.6). Locations with a buried 
argillic horizon, such as liE, 12E, 13W are clustered in one group. 
Locations without an argillic horizon, such as 11W, 12W, 21E, 22E, and 
21W are clustered in another group, while those locations with a thick 
argillic horizon, high in clay content, high in cation exchange capacity 
and higher in soil water-holding capacity are grouped in a different 
group. In some cases, pedons of different locations, mainly area one 
and area two, are grouped in one particular group. It was explained 
that the series, as defined in the context of homogeneity, may not exist 
at any level in. the field even in a small area where the variation of 
the soil-forming factors are minimal (Oawud, 1979). This leads to a 
conclusion that the mapping units in these areas should be redefined in 
a proper way. Dawud (1979) suggested that in similar cas~s, it is 
reasonable and safer to call such a unit a soil complex. In the case of 
the sand dunes of Northwestern Oklahoma where the range management prac-
tices are more noticeable, such a general name for the mapping unit may 
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Figure 5. 4. Dendograrn of the Individual Pedons Obtained from the Primary 


















Figure 5.5. Dendogram of the Individual Pedons Obtained from the 
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Figure 5.6. Dendogram of the Individual Pedons Obtained from the Primary 


















Cluster Analysis Using Vegetation Counts 
At the similarity level of 3.5 the twelve locations were grouped 
into five major groups. Due to the diversity in the vegetation distri-
butions, the three toe slope positions, namely 13W, 13E, and 24E were 
represented by a group each of its own (Groups 3, 4, and 5, respectively). 
Starting by the species of highest percentages, 13W consists mainly of 
forbs (38.4%), sand bluestem (29.3%), other grasses (11.9%), and sand 
lovegrass (6.1%). 13E consists of Texas bluegrass (26.1%), forbs (24.8%), 
blue grama (23. 4%), and sand dropseed (16.1%). 24E consists of forbs 
(24.5%), Texas bluegrass (17 .4%), switchgrass (13.4%), and little blue-
stem (11.1%). The two sites were separated in the groupings as it is 
shown by the dendogram (Figure 5.7). The summit and the shoulder posi-
tions of the first site fall into Group 2, while the summit, shoulder, 
and backslope positions of the second site are grouped under Group 1, 
which indicates the differences in the plant communities that dominate 
both sites. 
Summary and Conclusion 
In many cases, only a small fraction of the landscape is investi-
gated in delineating a mapping unit and very often these observations 
do not reflect the magnitude of the inclusions present in the unit, even-
though it is important in the agricultural and non-agricultural areas. 
The two soils present in the stabilized sand dunes of Northwestern 
Oklahoma have different soil properties and behave differently in sup-
porting different plant communities. Range management people require 
more precise definitions of the mapping units of the sandy areas. A 
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sandy soils that have a buried argillic horizon, to be interpreted and 
managed differently from the rest of the sandy soils. This fact alone 
points out the necessity of onsight investigation before a final deci-
sion is reached or management begins for any soil. The buried argillic 
horizons in the sandy soils grouped with those of the argillic horizons 
of the lower positions which mearis that they behave similarly according 
to the chemical properties. Different management, as well as different 















SUMMARY OF THE HORIZONS CLASSIFICATION BASED ON THE 
PRIMARY DENDOGRAM (D a • 70) 
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SUMMARY OF THE HORIZONS CLASSIFICATION BASED ON THE 
PRIMARY DENDOGRAM (D = .65) 
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SUMMARY OF THE HORIZONS CLASSIFICATION BASED·ON THE 
PRIMARY DENDOGRAM (D = .62) 
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TRANSITION MATRIX FOR PEDON 13E (D = .65), 
AREA ONE 
02 03 04 05 06 
01 01 00 00 00 
00 01 00 00 00 
00 02 00 00 00 
00 00 00 00 00 
00 00 00 00 00 
00 00 00 00 00 
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CLAY MINERALOGY OF SOME SELECTED SOILS OF THE DUNES 
Abstract 
Clay mineralogy of the important genetic horizons from three differ-
ent slope positions of the stabilized sand dunes were studied using X-
ray diffraction. The east-facing summit, toe slope, and the west-facing 
summit positions for both sites were used in this analysis. The X-ray 
diffraction patterns showed that there is no difference in the clay min-
eralogical composition between the two stabilized sand dunes, which 
suggests that both have been originated from ~ similar parent material. 
Also there is no difference noticed between the genetic horizons of one 
sand dune area. In all locations, illite is a dominant clay mineral in 
the stabilized sand dune area. Kaolinite, montmorillonite, and a random 
mixture of 10 + 14 ~ peak are present in an appreciable amount in most 
of the samples. All samples appear to have a higher amount of quartz 
compared to those of feldspars. The surface layer of the stabilized 
dunes contains high amounts of mixed-layer type clays, and decreases 
with depth, which might be due to surface weathering activities and 
instability. 
Introduction 
Clay mineralogy of the sand dunes is an important step in 
198 
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identifying the weathering stages, products, and patterns during which 
soils have been formed. Clay minerals are the principal constituents 
of many fine-grained sediments, schists, and weathering products of many 
types of rocks. Knowing the sequence and the type of clay minerals 
helps identify which soils have formed in place and which have trans-
ported and deposited in another. 
This work is done on the Pratt-Tivoli soil association of high sand 
dunes for the same reasons mentioned above. This association consists 
of deep sandy soils that have formed on steep sand dunes under a cover 
of tall and short native grasses. Sands have been reworked by wind 
action to form a duney sand strip. The surface layer of these soils is 
generally brown loamy fine sand. It is single-grained and is slightly 
hard when dry and friable when moist. The subsoil is yellowish-brown 
loamy fine sand. It has weak, granular structure and is slightly hard 
when dry and very friable when moist. The subsoil is generally strati-
fied with an alternate of fine to very fine sand with some thin strata 
of clayey materials at different depths. The toe slope positions are 
associated with a well-developed argillic horizon. The summits, shoul-
ders, and the back slopes are highly eroded and are associated with 
weakly-developed soil profiles. The parent material is wind-deposited 
sand that has been rolled and bounced from stream channels to the up-
lands; Peden descriptions are listed in Appendix B. 
Results and Discussion 
X-ray Diffraction Analysis 
X-ray diffraction pattents for the clay fractions of the A, B, and 












I = Illite 
TABLE 6.1 
CLAY MINERALOGY OF THE SOILS DEVELOPED IN THE 
FIRST SITE OF THE SAND DUNES OF NORTH-
WESTERN OKLAHOMA (Ecotone 1) 
Depth 
Location Horizon em. 
Ecot. 1 
East Summit A 0-28 
II = B1 210-260 
" = c 390-420 
Ecot. 1 
Bottomland A 0-45 
II = B2t 124-162 
II .. c 190-216 
Ecot. 1 
West Summit A 0-33 
II = B1 75-151 
II = c 398-434 
Qz = Quarts 
K = Kaolinite Fs = Feldspars 
























I .. Illite 
TABLE 6.2 
CLAY MINERALOGY OF THE SOILS DEVELOPED IN THE 
SECOND SITES OF THE SAND DUNES OF NORTH-
WESTERN OKLAHOMA (Ecotone 2) 
Depth 
Location Horizon em. 
Ecot. 2 
East Summit A 0-18 
" = B1 18-48 
" = c 48-200 
Ecot. 2 
Bottomland A 0-10 
II = 82t 63-97 
" = IIB2t 131-200 
Ecot. 2 
West Summit A 0-10 
It = Bl 10-36 
II = c 36-200 
Qz = Quartz 
K = Kaolinite Fs ""' Feldspars 














In all locations illite is a dominant clay mineral as identified 
by the X-ray diffractograms (Figures 6.1, 6.2, 6.3, 6.4, 6.5; and 6.6), 
by peaks of 10 and 5 R. Kaolinite also is dominant in all samples as 
indicated by the 7.1 and 7. 3 R peaks which disappeared due to 500°C 
heating suggested the presence of orderly crystalline kaolinite in the 
clay fractions. Montmorillonite is either present independently in a 
random mixture with a 10 ~peak, as shown by a 12.98 ~peak for Na-mont-
morillonite, a 14.47 R peak for Ca-montmorillonite expanded to 17 or 18 
~ peak due to solvation with ethylene glycol; and due to the heat treat-
ment at 500°C, it collapsed to 10 R. This suggested the presence of 
interlayered 2:1 expansible clay minerals in the clay fractions of these 
horizons. Some horizons, especially in summit positions, show a 13.79 
.R peak which indicates the presence of a random mixture of 10 + 14 R 
peaks (Jackson, 1956). Also the presence of 16.66 and 20.06 R peaks 
supports the presence of a random mixture of montmorillonite (Na or Ca) 
with a 10 ~ peak of illite (Charlotte, 1961). Quartz was present in all 
samples in an appreciable amount as indicated by the sharp peaks of 4.26 
and 3.34 R. Feldspar was present in small amounts as supported by the 
presence of 3.19 and 3.20 R peaks (Jackson, 1956 and Caroll, 1970). 
As noticed from the X-ray diffraction patterns, there is no differ-
ence in the clay mineralogy between the two sand dune areas, and seems 
to have originated from similar parent material. Also, there is no dif-
ference noticed between the horizons in one sand dune area. 
As noticed in these results, most of the samples contain mixed-
layer clay minerals, which are very common in soils and sediments. 
Weaver (1956) stated that from an approximation of over 6,000 sedimen-
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Figury 6.2. X-ray Diffractogram of the 
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Figure 6.4. X-ray Diffractograms of East 
Summit of Area Two. 
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(1) Natural 
(2) Heated at 550°C 
(3) Glyconated A, B, and C 
horizons, respectively 
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Figury 6.5. X-ray Diffractograms of 
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Figure 6.6. X-ray Diffractograms of the 
West Summit of Area Two. 
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Cambrian to Recent, it is estimated that over 70 percent of the samples 
. 
contain some variety of mixed-layer clay. 
Mixed-layer clays are believed to be an adjustment to the environ-
ment in two ways, as explained by Dorothy (1970): 1) degradation as in 
weathering rocks and soils, and 2) diagenesis as in deposits of detrital 
materials. 
The surface layer of Pratt-Tivoli soil samples contains mixed-layer 
type of clays, and decreases as noticed by depth, which might be due to 
surface weathering activities and instability. 
CHAPTER VII 
RELIEF AND ITS EFFECT ON SOIL-MOISTURE AND 
TEMPERATURE PROFILES WITHIN THE 
STABILIZED SAND DUNES 
Abstract 
East-west facing slopes of two sites of the stabilized sand dunes 
of Northwestern Oklahoma were chosen for the original purpose of this 
research in order to study soil-plant relationships in the sandy eco-
tones. Soil-moisture data, as well as soil temperature readings, were 
taken regularly in the same transect as the selected soil pedons for a 
period of seven months during 1978. Seven neutron probe tubes were 
installed in positions where a plant community was noticed to be sharply 
contrasted. Moisture readings were taken at 20 em depth intervals to a 
total depth of 440 em in each position. Using a thermocouple, soil 
temperature readings were taken at two depths, 15 and 50 em, in the 
same positions of the neutron probe tubes. 
Fluctuation of soil temperatures at 15 em depth was greater than 
that of 50 em depth. Maximum temperatures were recorded in May, June, 
and July at all positions. West-facing slopes were warmer than east-
facing slopes by 1 to 2 degrees in both sites. 
Soil moisture readings showed that maximum total moisture contents 
occurred in foot slope and back slope positions of both sites. Changes 
210 
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in total moisture content in all positions were controlled mainly by the 
amount of precipitation on the area, presence of the argillic horizons, 
and by the intensity of lateral movement of water and run-off from 
higher positions. 
Introduction 
Due to the importance of both soil-moisture and soil-temperature 
and their effect on soil-plant relationships, it has been decided to 
gather them in an independent chapter. Temperature and moisture are 
important in terrestrial environments and closely interacting. They are 
usually considered to be the most important part of climate (Eugene, 
1971). Soil-moisture is an important factor in determining the storage 
and transfer of heat in soil. It is also essential for plant growth and 
development and is the medium in which nutrients are transported. There-
fore, an understanding of the status of water in the soil is of central 
importance in interpreting relationships between the plant and the 
environment of the soil (Bannister, 1978). In the system of soil clas-
sification (Soil Survey Staff, 1960 and 196 7) adopted by the National 
Cooperative Soil Survey, January 1, 1965, soil characteristics, 
including soil-moisture and soil temperature, are used to differentiate 
the classes within the syl:ltem. Climate appears to be an important para-
meter for characterizing soil pedons at various levels in the taxonomic 
scheme for Canadian Soils (Canada Soil Survey Committee, 1970). 
Many papers were published concerniQg the microclimate of north-
south-facing slopes at different areas. There is a need for more infor-
mation on soil-moisture and soil-temperature of east-west facing slopes 
as well, especially in the sandy areas where both moisture and 
212 
temperature are i~portant factors that control soil-plant relationships. 
Macyk et al. (1978) stated that there is a need for more informa-
tion on temperature and moisture regimes of sloping land surfaces. This 
chapter deals with changes in moisture and temperature profiles as a 
result of changes in slope positions. Soil-moisture and temperature in 
sloping land is greatly influenced by the nature of soil surface, such 
as vegetative cover, slope degree and aspect, drainage conditions, and 
many others. Boul et al. (1973) discussed the importance of the slope 
within any geographical area and the soil properties that are commonly 
found to be relief-related. They are: 1) depth of solum, 2) thickness 
and organic matter content of the A horizon, 3) relative wetness of the 
profile, 4) color of the profile, 5) degree of horizon differentiation, 
6) soil reaction, 7) content of soluble salts, 8) kind and degree of 
"pan 11 development, 9) temperature, and 10) character of the initial 
material. 
Most of these properties were measured and described in different 
chapters of this study. Moisture and temperature data also were used 
in the canonical correlation technique as a separate variable to find 
the relationships between different plant species and soil-moisture and 
temperature variations. 
Results and Discussion 
Soil-Temperature 
Variation of soil temperature was greater at the 15 em depth than 
at the 50 em depth (Figure 7.1). Soil surface temperatures were warmer 
in May, June, and July in almost all of the pedons studied. From August 
through November, soil surface temperatures dropped and the subsurface 
213 
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Figure 7 .1. Temperature Profiles· of Different Slope Positions 
of Area One. 
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temperatures were warmer than the surface. The maximum temperature was 
recorded during July and September in all positions. The relatively 
low thermal diffusivity of most soils means that the transfer of heat 
within soils is a slow process. This leads to the establishment of 
marked gradients of temperature within a soil profile. During the day, 
the maximum temperature was at the surface and the temperature generally 
decreases with depth, while during the night a reversed gradient may 
occur in the upper horizons of the profile. Also, the time of the year 
at which maximum and minimum soil temperatures are recorded varies with 
depth. The maximum temperatures at the surface are usually experienced 
in mid summer (Pannister, 1978). The deeper roots of the grasses on the 
stabilized sand dunes of Northwestern Oklahoma may experience annual 
minimum temperatures during spring and maximum temperatures during 
autumn. Russell (1961, quoted by Macyk et al., 1978, Canadian J. of 
Soil Science) stated that during the summer, heat is moving from the 
surface downwards and there is a regular downward temperature gradient; 
during the winter, heat is moving upwards and there is then a regular 
upward gradient. Macyk et al. (1978) stated that in the spring, heat 
is moving downwards from the surface and upwards from below; during 
autumn there is a zone above which it is moving upwards and beloW which 
it is moving downwards. 
Temperatures on west-facing slopes were warmer than temperatures 
on the east-facing slopes (Table 7.1) by one to two degrees. Shul'gin 
(1957) explained such variations in his example about east-west facing 
slopes as the east-facing slopes having a greater expenditure of solar 
insolation for evaporation of dew than on west-facing slopes which were 
drier during the afternoon when they received more direct insolation. 
Location llW 
Depth 15 em 50 em 
Date 
5/13/78 19.6 19.1 
6/8/78 21.9 20.2 
7/7/78 27.7 28.0 
8/7/78 24.1 25.6 
9/11/78 26.9 27.0 
10/2/78 20.0 21.8 
11/29/78 4.4 8.3 
TABLE 7.1 
. 
SOIL TEMPERATURE READINGS AT BOTH 15 AND 50 CM 
DEPTHS OF SITE ONE OF THE DUNES 
12W 13W liE 
15 em 50 em 15 em 50 em 15 em 50 em 
19.3 19.1 17.1 17.9 19.8 19.4 
23.5 20.5 21.5 18.8 23.7 20.7 
26.1 26.6 24.8 24.6 27.4 28.4 
23.0 25.4 22.5 26.4 24.0 25.9 
26.1 26.6 25.2 25.1 26.6 27.0 
21.0 22.0 19.7 20.8 . 20.6 22.1 
6.5 8.4 7.0 9.4 5.6 8.3 
12E 13E 
15 em 50 em 15 em 50 em' 
19.5 19.2 20.2 19.8 
23.0 20.7 23.7 20.5 
27 .o 28.1 26.8 27.6 
23.9 25.6 25.6 24.1 
26.6 26.7 26.9 27.2 
19.7 21.3 20.1 22.0 
4.1 7.5 5.4 9.4 
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These differences in temperature could also be attributed to air move-
ment and fluctuation in the air temperature as stated by Mueller (1968). 
Soil-moisture content greatly controls the temperature due to the dif-
ferences in specific heat of both dry and moist soils. Another impor-
tant factor is that the slopes would receive much different amounts of 
radiation, as should be shown by differences in temperatures. The dif-
ferences found will depend upon the time of the day that the readings 
are taken (Shaw and Buchele, 1957). Type and amount of vegetative 
cover, also have a great effect on temperature differences between the 
different slope positions. Temperatures under shrubs are consistently 
about 1°C higher than under grass from January to mid-June (Toogood, 
1979). 
Soil-Moisture 
The total moisture content in all positions of the two sites were 
highest in early June and then decreased during the rest of the season 
with a slight increase in mid-October (Figure 7.2). The moisture con-
tent changes with the changes in precipitation. As reported by Rhoades 
et al. (1964),. forage production on a range site in the semiarid sou-
thern Great Plains usually depends upon available soil moisture. In 
turn, available soil moisture depends upon: 1) intensity, duration, and 
frequency of precipitation; 2) water intake characteristics; 3) water 
retention and flow patterns within the soil profile; and 4) evaporation 
and transpiration characteristics of the soil surface and living vege-
tation. 
The highest amount of precipitation was recorded in May followed by 
other showers in September. At Site 1, the highest total mois.ture 
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Figure 7.2. Temperature Profiles of Different Slope Positions 
of Area Two. 
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content was in the foot slope of the east-facing slope (Tube 5), fol-
lowed by the back slope of the west-facing slope (Tube 2). The summit 
and the shoulder positions of the east-facing slope are the driest posi-
tions of the east-facing slope are the driest positions in the transect 
(Tubes 6 and 7). This is mainly due to the absence of the buried argil-
lic horizon in these positions, which exhibits a high water-holding 
capacity. There are no significant differences between the west-facing 
summit and the toe slope positions (Tubes 1 and 4), which both have an 
argillic horizon. 
At Site 2, the highest total moisture content was in the back slope 
of the west-facing slope (Tube 9). The second highest total moisture 
content was in the back slope of the east-facing slope (Tube 13). The 
buried argillic horizon is present in the east-facing slope positions 
of Site 2, which has influenced the total moisture content in the east-
facing summit. The toe slope position would be expected to have a 
higher total moisture content, as reported elsewhere (Macyk et al., 1978), 
if the intensity of precipitation was higher, as an average rainfall of 
19 inches per year. In that area, it is not quite enough to deposit the 
water in the toe slope positions by lateral movement and run off from 
higher positions. 
Changes in moisture content with depth are controlled by the pre-
sence or absence of argillic horizon and the nature of the stratification 
with the profile. As shown in Figures 7.3 and 7.4, a sharp increase in 
moisture content occurs at the depths where the argillic horizon starts. 
In fact, the sharp changes in the plant communities on the surface are 
a reflection of the changes in the configuration of the argillic horizon 
beneath the surface due to change~ in soil water-holding capacity. Roots 
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Figure 7.3. Total Moisture Content Pattern at Different Slope Positions and Precipitation of Area One. 
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of prairie plants are capable of extending their roots very deep in 
order to reach such a horizon, especially in the places where the argil-
lic horizon is deep. For the same soil type, Tomanek (1957) found that 
roots of prairie plants extended deeply into the permeable, loessial 
soil at Atwood. Most of the roots reached depths of 9 to 18 feet and 
grass roots 6 to 10 feet. 
As shown in the block diagrams of both sites, the configuration of 
the argillic horizon changes abruptly from one position to another. It 
is deep and thin in some slope positions and shallow and thick in others. 
These differences resulted in an abrupt ch·ange in the soil water-holding 
capacity, cation exchange capacity, percent clay content, and many other 
physical and chemical properties that are related to the argillic hori-
zon. All these changes cause a sharp variation in the existence and the 
distribution of the different plant communities on the surface. 
Summary and Conclusion 
On the east-west facing slopes of the stabilized sand dunes of 
Northwestern Oklahoma, soil-moisture and soil-temperature profiles were 
monitered very closely to show the influence of relief on the most impor-
tant soil environmental factors. As a result of this study, we can 
conclude that: 
1) Fluctuation of soil temperature at 15 em depth is. greater than 
that at 50 em depth. 
2) West-facing slopes are warmer than east-facing slopes. by 1 to 
2°C in both sites. 
3) Soil-moisture readings showed that maximum total moisture content 
tents occurred in the foot slope and the back slope positions in both 
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3) Soil-moisture readings showed that maximum total moisture con-
tents occurr~d in the foot slope and the back slope positions in both 
areas. 
4) Changes in the moisture content in all positions are controlled 
mainly by the amount of precipitation on the area, presence and configur-
ation of the argillic horizon, and by the intensity of lateral movement 
and run-off from higher slope positions. 
5) The sharp variations in the plant communities might be due, 
collectively, to the abrupt changes of the chemical and physical proper-
ties that are related to the argillic horizon, mainly soil water-holding 
capacity. 
Location 21W 
Depth 15 em SO em 
Date 
5/17/78 14.5 19.8 
6/9/78 23.1 21.2 
7/7/78 27.1 27.9 
8/7/78 24.7 26.0 
9/11/78 27.0 27.4 
10/2/78 20.6 21.6 
11/29/78 S.9 7.6 
TABLE 7.2 
SOIL TEMPERATURE READINGS AT BOTH 1S AND SO CM 
DEPTHS OF SITE TWO OF THE DUNES 
22W 21E 22E 
15 em SO em 15 em SO em 15 em 5-0 em 
19.4 19.4 19.9 19.4 20.2 19.8 
23.2 20.5 21.7 21.2 22.8 21.4 
27.6 27.0 27.0 28.3 27.0 28.1 
24.6 25.0 25.0 26.1 25.5 26.3 
26.8 26.4 26.8 27.2 27.1 27.1 
20.0 21.2 20.6 21.7 20.6 21.9 
5.0 8.4 4.9 7.4 5.6 7.7 
23E 









































TOTAL MOISTURE CONTENT IN CM OF WATER ~ER 440 

























Aug. Sept. Oct. 
17.57 70.48 81.61 
83.75 75.72 91.28 
76.15 72.80 82.71 
50.51 45.79 56.93 
57.68 52.47 64.10 
49.42 4t •• ao 53.24 
80.69 76.11 87.00 
67.07 63.41 74.11 
70.09 62.56 72.35 
62.20 55.84 67.83 
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CHEMICAL ANALYSIS FOR liE 
Weighted Genetic Horizons 
Soil 
Property 
A B B.t c 
Thickness (em) 28 75 160 157 
pH 5.6 6.8 7.7 7.5 
O.M.% 3.29 .95 .86 .86 
Ca* 1.30 1.60 12.67 4.76 
Mg* .69 1.08 3.53 1.26 
K* • 32 .31 .45 • 23 
Na* .41 .13 .43 .15 
C.E.C.* 4.31 3.78 13.22 3.86 
Clay% 7.50 4.37 10.97 3.38 
Vcs% .19 .08 • 12 .20 
Cs% 3.26 4.14 2.51 7. 03 
Ms% 42.93 54.07 13.66 41.87 
Fs% 38.30 30.55 26.20 36.58 
Vfs% 6.64 4.87 14.10 7.81 
Quartz% 85.83 82.81 77.77 87.69 
Feldspars% 14.17 17.19 22.23 12.31 
* meq/100 gm of soil 
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TABLE 2 
CHEMICAL ANALYSIS FOR 12E 
Weighted Genetic Horizons 
Soil 
Property 
A B Bt c 
Thickness (em) 37 47 37 101 
pH 6.2 7.2 8.0 8.3 
O.M.% 3.75 1.10 1.16 .56 
Ca* 1.43 5.87 13.56 2.54 
Mg* .99 1. 33 2.42 1.0 
K* .35 .30 • 31 .22 
Na* .13 • 22 .44 .39 
C.E.C.* 4.32 5.03 7.17 4.38 
Clay% 6.87 4.37 8.75 4.41 
Vcs % .16 .13 .13 .02 
Cs % 2.87 1.89 2.0 1.62 
Ms% 50.33 38.99 21.38 43.86 
Fs% 29.61 45.34 30.03 34.89 
Vfs% 7.91 8.04 15.13 12.05 
Quartz % 87.63 86.30 79.30 87.36 
Feldspars % 12.37 13.70 20.70 12.64 
*meq/100 gm of soil 
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TABLE 3 
CHEMICAL ANALYSIS FOR 13E 
Weighted Genetic Horizons 
Soil 
Property 
A B Bt c 
Thickness (em) 30 29 185 174 
pH 6.8 7.3 7.0 7.2 
O.M.% 3.44 2. 71 2.15 .53 
Ca* 2.11 3.63 7.35 3.98 
Mg* 1.16 1.42 2.61 1.56 
K* • 33 .37 .41 .26 
Na* .18 .20 .35 .43 
C.E.C. * 5.28 6.26 11.31 6.51 
Clay% 3.75 8.75 13.16 4.89 
Vcs % .15 .18 • 07 .07 
Cs % 2.04 2.62 2.31 .34 
Ms % 24.44 23.53 23.35 23.44 
Fs % 49.89 49.95 34.05 43.94 
Vfs % 10.73 7.77 14.54 14.26 
Quartz% 77.18 80.31 78.64 86.07 
Feldspars% 22.82 19.69 21.36 13.93 
*meq/100 gm of soil 
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TABLE 4 
CHEMICAL ANALYSIS FOR 11W 
Weighted Genetic Horizons 
Soil 
Property 
A B Bt c 
Thickness (em) 33 42 360 
pH 6.4 7.0 7.9 
O.M. % 3.03 1.21 1.72 
Ca* 1.38 1.51 7. 0 
Mg* . .73 .95 1.26 
K* .30 . 27 .22 
Na* . .11 .19 • 34 
C.E.C.* 3.24 3.45 4.18 
Clay% 4.37 4.37 6.02 
Vcs% • 03 0.0 .28 
Cs% .94 1.59 1.96 
Ms% 42.42 37.89 48.07 
Fs% 43.52 48.79 34.82 
Vfs% 6.44 3. 71 7.30 
Quartz% 85.50 89.16 84.42 
Feldspars% 14.50 10.84 15.58 
*meq/100 gm of soil 
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TABLE 5 
CHEMICAL ANALYSIS FOR 12W 
Weighted Genetic Horizons 
Soil 
Property 
A B Bt c 
Thickness (em) 36 55 109 
pH 6.8 7.4 7.4 
O.M.% 2.83 1.27 .78 
Ca* 1.21 1.68 1.16 
Mg*. .90 1.03 .86 
K* .30 .27 .27 
Na* 0.35 .10 .39 
C.E~C.* 3.47 3.67 3.36 
Clay% 3.75 3.75 5.0 
Vcs % .10 .03 .10 
Cs% 1.62 2.08 3.10 
Ms% 48.57 37.43 56.49 
Fs% 34.65 49.14 25.88 
Vfs% 7.62 6.08 6.47 
Quartz % 87.33 84.83 85.16 
Feldspars % 12.67 15.17. 14.84 
*meq/100 gm of soil 
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TABLE 6 
CHEMICAL ANALYSIS FOR 13W 
Weighted Genetic Horizons 
Soil 
Property 
A B Bt c 
Thickness (em) 45 54 117 
pH 6.5 7.2 7.7 
O.M.% 4.50 • 75 .89 
Ca* 1.38 1.64 7.47 
Mg* . .60 .56 2.28 
K* • 31 • 31 • 36 
Na* • 39 .27 .27 
C.E.C.* 3.58 4.42 10.15 
Clay% 5.0 4.37 10.20 
Vcs% .11 .63 .17 
Cs% 3.0 6.19 5.54 
Ms% 47.10 57.33 32.99 
Fs% 32.09 24.97 31.80 
Vfs% 8.78 5.61 9.14 
Quartz% 85.50 84.99 84.54 
Feldspats% 14.50 15.01 15.46 -"'t-
*meq/100 gm of soil 
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TABLE 7 
CHEMICAL ANALYSIS FOR 21E 
Weighted Genetic Horizons 
Soil 
Property 
A B Bt c 
Thickness (ern) 18 30 152 
pH 6. 1 6.9 7.3 
O.M.% 3.75 1. 90 .34 
Ca* 1.25 . 95 .73 
Mg* . 75 .95 1. 07 
K* .31 .25 .21 
Na* .33 .41 .39 
C.E.C.* 3.67 3.36 3.36 
Clay% 4.37 4.37 3.12 
Ves% .03 .13 0.0 
Cs% 4.94 ! • • 62 6.07 
Ms% 49.09 56.89 59.34 
Fs% 17.91 26.22 24.84 
Vfs% 5. 40 5.29 5.70 
Quartz% 87.94 82. 16 86.33 
Feldspars% 12.01 16.84 13.67 
*rneq/100 grn of soil 
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. TABLE 8 
CHEMICAL ANALYSIS FOR 22E 
Weighted Genetic Horizons 
Soil 
Property 
A B Bt c 
Thickness (em) 10 33 157 
pH 6.4 6.7 7.3 
O.M.% 4.85 1. 27 .69 
Ca* 1.64 1. 99 • 95 
Mg*. 1.04 1.13 • 78 
K* • 31 .23 .21 
Na* .35 .22 .32 
C.E.C.* 3.92 3.41 3.74 
Clay% 6.25 5.0 3.75 
Vcs% .05 .10 • 08 
Cs% 4. 77 4.85 6.68 
Ms% 47.83 55.31 56.02 
Fs% 28.66 27.74 .25.52 
Vfs% 6.59 5.67 5.48 
Quartz% 86.66 86.33 90.0 
Feldspars% 13.34 13.67 10.0 
*meq/100 gm of soil 
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TABLE 9 
CHEMICAL ANALYSIS FOR 23E 
Weighted Genetic Horizons 
Soil 
Property 
A B Bt c 
Thickness (em) 15 42 25 143 
pH 6.6 6.7 7.1 7.2 
O.M.% 3.99 4.50 2.12 .59 
Ca* 1.77 1.47 17.19 1.35 
Mg* .69 . 64 4.58 1.07 
Kk • 38 .25 .44 .24 
Na* .27 .22 .10 .38 
C.E.C.* 5.18 3.30 22.46 3.49 
Clay% 5.63 3.75 26.25 5.93 
Vcs % .11 .70 .OS .40 
Cs% 6.18 5.67 1.05 7.49 
Ms% 50.05 48.64 7.95 48.87 
Fs% 22.71 34.37 22.18 31.12 
Vfs% 5.53 5.03 13.68 4.78 
Quartz % 90.50 88.50 84.66 89.73 
Feldspars% 9.50 11.50 15.34 10.27 
*meq/100 gm of soil 
240 
TABLE 10 
CHEMICAL ANALYSIS FOR 24E 
Weighted Genetic Horizons 
Soil 
Property 
A B Bt c 
Thickness (em) 10 122 68 
pH 6.7 6.7 6.5 
O.M.% 4.73 2.0 2.25 
Ca* 2.20 3.29 11.79 
Mg* 1.12 1.41 4.75 
K* .43 .33 .59 
Na* .27 .33 • 31 
C.E.C.* 5.16 6.0 16.74 
Clay% 4.37 7.55 17.82 
Vcs% .19 • 34 .77 
Cs% 6.24 5.29 4.17 
Ms% 37.92 46.57 20.68 
Fs% 33.87 22.93 23.36 
Vfs% 7.62 6.06 12.12 
Quartz% 89.49 87.05 77.75 
Feldspars% 10.51 12.95 22.25 
*meq/100 gm of soil 
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TABLE 11 
CHEMICAL ANALYSIS FOR 21W 
Weighted Genetic Horizons 
son· 
Property 
A B Bt c 
Thickness (em) 10 26 ----- 164 
pH 6.6 6.6 ------ 7.4 
O.M.% 3.38 2.48 ------ .82 
Ca* 1.73 1.38 ------ 2.03 
Mg* .77 .86 ------ 1.12 
K* .35 • 36 ----- .26 
Na* • 35 .14 ------ .39 
C.E.C. * 4.25 3.89 ----- 4.08 
C. lay% 4.37 6.87 ----- 5.0 
vcs% .15 .11 ----- .20 
cs% 2.98 2.64 ------ 3.19 
MS% 53.73 58.90 ----- 58.96 
Fs% 27.45 23.05 ------ 24.51 
Vfs% 6.11 6.10 ------ 6.98 
Quartz % 89.10 88.33 ----- 87.0 
Feldspars% 10.90 11.67 ----- 13.0 
*meq/100 gm of soil 
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TABLE 12 
CHEMICAL ANALYSIS FOR 22W 
Weighted Genetic Horizons 
Soil 
Property 
A B Bt c 
Thickness (em) 15 82 41 55 
pH 6.6 7.1 7.0 7.3 
O.M.% 4.91 2.83 1.90 • 52 
Ca* 2.07 .90 15.40 1.81 
Mg* 1.08 .52 5.56 1.08 
K* • 36 .27 .81 • 31 
Na* .24 .56 .20 .43 
C.E.C.* 4.73 3.47 20.23 4.51 
Clay% 5.0 5.0 26.34 s.o 
vcs% .22 • 05 .03 .19 
cs% 3.39 2.79 .36 2.99 
Ms% 40.68 56.34 3.25 48.58 
Fs% 37.14 26.03 17.73 31.31 
Vfs% 7.69 7.28 23.24 7.47 
Quartz% 86.75 91.16 64.18 85.16 
Feldspars% 13.25 8.84 35.82 14.84 







A 5% slope, concave, summit position (somewhat exc. very-well 
drained). From a surface to a depth of three meters and seven em is a 
layer of sand and loamy sand, then a 40 em thick clay layer, with alter-
native stratification of fine sand (loamy sand) and clay layers to a 
depth of 15 feet. 
· Al - 0-28 em; Dark brown ( 10YR 3/3 M); loamy sand; medium weak 
granular; slightly hard~ non-plastic, non-sticky; common 
coarse and fine roots; few fine pores; neutral; gradual smooth 
boundary. 
B2- 28-107 em; brown (7.5 YR 4/4); loamy sand; coarse weak suban-
gular blocky breaks to single grains; friable, non-sticky, non-
plastic; common medium and fine roots; few fine pores; very 
fine black bodies; gradual smooth boundary. 
Cl- 107-200 em; brown (7.5YR 4/4); loamy sand; coarse weak suban-
gular blocky breaks to single grains; friable, non-sticky, non-
plastic; common medium and fine roots; few fine pores; very 
few fine black bodies; iron coatings and/or fine clay. 
Special Comments: Starting early stages of lamela in the C horizon 
with a stratum per in~h with variable thickness of strata. CaC03 concen-
tration present at a depth of 260 em. A buried horizon present at 285 
em. Wind erosion is active in this position. At a depth of three meters 
and seven em, a 40 em thick clay layer is present followed by coarse 
sand, 10 em thick clay layer, 15 em thick fine sand, 10 em clay, 7 em 
fine sand, and then a clay layer at a depth of 4 meters. 
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A 9% slope, concave, shoulder position, 4. 5 meters west of Pedon 1, 
wind erosion, somewhat exc. drained. 
A1- 0-37 em; Dark brown (7.5YR 4/2); loamy sand; weak, medium 
granular structure; slightly hard, non-plastic, non-sticky; 
common, fine and medium roots; medium, fine pores; gradual 
wavy boundary. 
B2 - 37-84 em; Brown (7 .SYR 4/4); loamy sand; weak coarse prismatic 
breaking to subangular and angular blocky structure; friable, 
non-sticky, non-plastic; common, medium, and fine roots; few 
fine pores; diffused, smooth boundary. 
C1- 84-132 em; Dark brown (7.5YR 5/4); loamy sand; very weak pris-
matic breaking to subangular blocky structure; friable, non-
sticky, non-plastic; few to moderate fine and medium roots; 
few fine pores. 
C2- 132-185 em; Light brown (7.SYR 6/4); loamy sand; very weak 
prismatic breaking to subangular blocky structure; friable, 
non-sticky, non-plastic; few to moderate fine and medium roots; 
few fine pores. 
Special Comments: At a depth of 213 em, a layer of sand (loamy 
sand) followed by a ten em thick clay layer at a depth of 213 em to 223 
em, then a layer of sand to a depth of 300 em; from a depth of 300 em 
to 350 em a layer of clay is present followed by a layer of sand from 
350 em to 426 to 435 em and then sand to a depth of 457 em. 
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Pedon 3 
3% slope, concave, bottomland. 
A1 0-30 em; very dark, grayish brown (10YR 3/2); sandy loam; 
weak, medium, granular and subangular blocky structure; 
slightly hard, non-sticky, non-plastic; common fine and 
medium roots; medium, fine pores; diffused, smooth boun-
dary. 
B1 ----- 30-59 em; Dark brown (10YR 3/3); sandy loam; weak coarse, 
and medium, subangular blocky structure; slightly hard, 
slightly sticky, non-plastic; moderate, medium, and fine 
pores; thin, patchy clay films; clear, wavy boundary. 
B21t --- 59-108 em; strong brown (7.5YR 4/6); sandy clay loam; 
coarse, strong, prismatic breaking to subangular and angu-
lar blocky structure; slightly firm, slightly plastic, 
slightly sticky; few fine and medium roots; few fine pores; 
organic matter and iron coatings; clay films; clear wavy 
boundary. 
B22t --- 108-158 em; Strong brown (7.5YR 5/6); sandy clay loam; 
strong, coarse subangular blocky and APK structure; firm 
and extremely hard when dry, slightly sticky, slightly 
plastic; very few fine roots; very few fine pores; coarse 
common distinct concentration of mottles (5 YR 5/8); clay 
films. 
B23t --- 158-203 em; bright, reddish-red (5YR 5/6); sandy loam; 
weak, coarse, subangular blocky structure; slightly hard, 
non-plastic, non-sticky; very few fine roots; very few 
fine pores. 
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IIB24t- 203-244 ern; reddish-brown (SYR 5/4); very fine sandy loam; 
weak coarse subangular blocky structure; slightly hard, 
non-plastic, non-sticky; very few fine roots; few mottles 
(SYR 5/8) with strata of coarse sandy loam (SYR 5/6); 
abrupt wavy boundary. 
IIC1 --- 244-337 ern; stratified (7.5YR 5/4, 7.5YR 6/4, and lOYR 6/3); 
very fine silt; very fine sand; and silt. 
IIC2 --- 337-398 ern; stratified and similar to IIC1, except slightly 
more grayish in color. 
IIC3 398-416 em; reddish-brown (SYR 5/4); clay loam. 
IIC4 416-434 ern; stratified, very fine silt and very fine sand 
(not sampled). The position of the pedon is in a trapped 
drainage, sedimentation by wind and/or water. Below it 
IIB2t. 
Special Comments: Streaking in B22t, the prisms are coated with 
OM, especially in B22t and three different materials matrix strip and 




A 2% slope, convex, summit position. 
A -- 0-33 ern; Dark brown (IOYR 4/3); loamy sand; weak fine granular 
and weak moderate subangular blocky structure; soft, non-
plastic, non-sticky; common fine roo~s; medium, fine pores; 
gradual smooth boundary. 
B -- 33-7 5 em; Dark brown (7. SYR 4/4); loamy sand; weak coarse 
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breaking to angular blocky and subangular blocky structure; 
very friable, non-sticky, non-plastic; common fine and 
moderate medium roots; few fine pores; diffused smooth boun-
dary. 
C1 --- 75-151 em; Dark brown (7.5YR 4/4); loamy sand; weak coarse 
prismatic breaking to angular blocky and subangular blocky 
structure; very friable, non-sticky, non-plastic; few coarse 
and fine roots; few fine pores; diffused smooth boundary. 
C2 --- 151-216 em; (7.5YR 5/6); loamy sand; weak coarse prismatic 
breaking to subangular blocky structure; very friable, non-
sticky, non-plastic; few fine roots; few fine pores. 
C3 --- 216-398 em; The same except it is weakly calcareous and 
thin strata, 7.5YR 5/4; sandy loam. 
IIC4 - 398-434 em; stratified materials of very fine silt and silt; 
7.5YR 4/4 and 7.5YR 5/4. 
Special Comments: Stratified sand and fine sand all the way to 15 
feet deep. This summit is higher than the opposite summit. 
Pedon 2 
A 13% Foot slope position, concave. 
A - 0-36 em; Dark brown (lOYR 3/3); fine sandy loam; weak granular 
to medium subangular blocky structure; slightly hard, slightly 
sticky, slightly plastic; common fine and medium roots; many 
fine pores; gradual wavy boundary. 
B - 36-91 em; Strong brown (7. 5YR 4/6); loamy sand; coars.e weak 
prismatic breaking to subangular and angular blocky structure; 
slightly firm, slightly sticky, non-plastic; common fine and 
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fcow rnPdluna roota; ft!W fin£' pureR; dlffuat•d Rmooth boundary. 
C- 91+; Strong brown (7.5YR 5/6); loamy sand; coarse weak prisma-
tic breaking to subangular and angular blocky structure; very 
friable, slightly sticky, non-plastic; few fine and medium 
roots; few fine pores. 
Comments: Surface finer texture is due to reworking by water and/ 
or wind. White clear quartz through open channels in the s.econd horizon. 
White quartz at root channels at the top of C horizon. In the shoulder 
position, sand and fine sand were present to a depth of 12 feet then 
followed by clay layer extended to a 15 foot depth, while the clay layer 
in the Fs position is shallower. 
Ecotone 2E 
Pedon 1 
A 2% slope, summit, convex. 
Al- 0-13 em; Dark brown (7.5YR 4/2); loamy fine sand; weak granu-
lar structure; friable, non-sticky, non-plastic; many fine 
roots; many coarse and medium pores; gradual smooth boundary. 
B2- 13-48 em; brown (7.5YR 4/4); loamy fine sand; weak coarse 
prismatic structure; friable, non-sticky, non-plastic, many 
fine roots; many coarse and medium pores; gradual smooth boun-
dary. 
Cl- 48-240 em; Brown (7.5YR 5/4); fine sand; single grain; friable, 
non-sticky, non-plastic; many medium roots; many coarse and 
medium pores. 
C2- 240+ em; stratified, Brown (7.5YR 5/4 and 5YR 5/4); fine sand 
with lamellae and very fine sand; very friable, non-sticky, 
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non-plastic; few fine and medium roots; many coarse and medium 
pores. 
Pedon 2 
A 19% slope 9 shoulder position, convex. 
Al - 0-10 em; Dark brown (7 .SYR 4/2); loamy fine sand; coarse weak 
granular structure; slightly hard, very friable, non-sticky; 
non~plastic; many fine and medium roots; many fine pores; 
gradual smooth boundary. 
B2 - 10-43 em; Dark brown (7 .5YR 4/3); loamy fine sand; weak 
coarse prismatic structure; slightly hard~ friable, non-sticky; 
non-plastic; many fine and medium roots; many fine pores; 
gradual smooth boundary. 
C -- 43-200 em; brown (5YR 5/4); fine sand; single grains; friable; 
non-sticky, non-plastic; many fine and medium roots; many 
fine pores. 
Pedon .3 
Al ----- 0-15 em; Dark brown (7 .SYR 4/2); loamy fine sand; weak 
fine granular structure; slightly hard, friable, non-
sticky; non-plastic; many fine and medium roots; many 
coarse and medium pores; clear boundary. 
B2 ----- 15-57 em; Dark brown (7 .5YR 4/3); loamy fine sand; gradual 
weak prismatic structure; slightly hard, very friable, 
non-sticky; non-plastic; many fine and medium roots; many 
coarse and medium pores; gradual boundary. 
C ------ 57-93 em; Brown (7.5YR 5/4); fine sand; single grains; 
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slightly hard, loose, non-sticky, non-plastic; common fine 
roots; many coarse and medium pores; gradual boundary. 
IIB21t- 93-200 em; Reddish brown (5YR 4/4); clay loam; weak fine 
subangular blocky structure; slightly hard, slightly 
sticky, slightly plastic; few fine roots; many fine and 
medium pores; gradual boundary. 
IIB22t- 200-225 em; Reddish brown (5YR 5/4); clay loam; weak and 
fine subangular blocky structure; slightly hard, slightly 
sticky, slightly plastic; few fine roots; many fine and 
medium pores. 
Pedon 4 
A 3% slope, toe slope position. 
Al --- 0-10 em; Dark brown (7.5YR 4/2); loamy fine sand; weak 
granular structure; slightly hard, friable, non-sticky, non-
plastic; many fine and medium roots; many coarse and medium 
pores; gradual smooth boundary. 
B1 --- 10-63 ern; brown (7.5YR 4/4); loamy fine sand; weak coarse 
prismatic structure; slightly hard, friable, non-sticky, 
non-plastic; many fine and medium roots; many coarse and 
medium pores; gradual smooth boundary. 
B21t- 63-97 ern; Strong brown (7.5YR 4/6); clay loam; weak fine 
subangular blocky structure; slightly hard., slightly sticky, 
slightly plastic; few fine and medium roots; many fine and 
medium pores; gradual boundary. 
B22t- 97-131 ern; yellowish red (5YR 4/6); sandy clay loam; coarse 
prismatic breaking to subangular blocky structure; slightly 
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hard, friable, slightly sticky; slightly plastic; few fine 
roots; many fine and medium pores; gradual boundary. 
B3 --- 131-200 em; strong brown (7.5YR 5/6); sandy loam; weak 
coarse prismatic breaking to subangular structure; slightly 
hard, friable, non-sticky, non-plastic; few fine roots; 
many coarse and medium pores. 
Ecotone 2W 
Pedon 1 
A 3% elope, summit position, convex. 
A1 -----0-10 em; brown (7.5YR 4/2); loamy fine sand; weak fine 
granular structure; loose, very friable, non-sticky, non-
plastic; many fine and medium roots; many coarse and 
medium pores; clear boundary. 
B2 ----- 10-36 em; brown (7.5YR 4/4); loamy fine sand; weak coarse 
prismatic structure; slightly hard, very friable, non-
plastic; non-sticky; common fine roots; many coarse and 
medium pores; gradual boundary. 
Cl ----- 36-303 em; brown (7.5YR 5/1); fine sand; single grains; 
loose, non-sticky, non-plastic; few fine roots; many · 
coarse and medium pores; clear boundary. 
IIB2lt - 303-330 em; Reddish brown (5YR 4/4); clay loam; weak and 
fine subangular blocky structure; slightly hard; slightly 
sticky, slightly plastic; few fine roots; many fine and 
medium pores; gradual boundary. 
IIC2 --- 330-380 em; yellowish red (SYR 4/7); gravelly fine sand; 
single grains; slightly hard, non-sticky; non-plastic; 
Pedon 2 
A .7% elop~.;, ~~Ffc~~pp.~,p~JJ:H>P<1n. 
Al ----- Q..,lJ _~m:;:•Pt;·9~.J7(.-pY~n~/.f)~) tOfl.!llY. fi!l~ scm,d; \feak, fine 
granular,~t,r,upfutr5\h: ~lJ.$}1~¥~ bS(rs:t, very friable; non-
. sti:c}t~ ;; ~q\1-:-.~l:~f3H- 1ch ~'WXn}it'lrnflll~ .• ~ed~~tp roots; f!1a,n,y, 
c~arsfl> and"' ~e,fl,~t~u1Ro:r8t>ds fl~~ta p~d,aq •. 
B2 ----- 15-94 cm,;;,br~~"'"~p~~~~y~/k)J; ~o~~>r ~ine sand; weak coarse 
pr_ismat~c.: Ej t_r~f~~[fr,t: ~ lk,~E!t¥ 19a~g ,, .:. ver~ friable' non-
sti,cltr:;~ x;aop,;-RJ~f Hfl c ~Of.llf%ffi\0~ill~n ;;oo~~ .; . ma1,1y . coar.se , and 
me<f.~l,ltn .~o~s!l_;,; ~r17~Hff&a!Of-ffi9l'Hlif t·~. 
C ---- 97-152 c;m(;,~rP'fllA7~~~y~/;).\)!iJ?-~n~anq,; single grains; 
loo~~-· ~op;:~~!Flf¥~y~oHc;RltJlf.S~£J :: f~, ~i~~ roo~,fil; malilY. . 
coar~e: an~r:WefJ1,\.ftJq?Pfi8'1~s~rff~':H~tal?o,.wA~ey ~ . 
IIB2~t:- 152~17.5 ,-qm~,T.~eM~.~lj18l\rslffi,.,,~S~B.:YV~~~ t;~lay lo~111; ~e* .fine 
subln1~tt~}H',1~lg'\s~};~t;ttcrfi~7fflr,:1~l~~h~;lY ,hard, ~lightly 
sticky; ,,sl~~~~>' 1t>,lwt~~£i c:~~,,f,iqce_,,t".oots; many. fine ... and 
• <, '' • ( ' ' ' - • ~ .• • • 
IIB22t - 175-:19~ c;m;,.~e4~~t"tt~,~r~\J~5'!:B,/*/~); clay: .~oam; we$ fine 
sub~ng~t~J:' ~~l~<t~J-~t;~tcr~y,~~~;.c.B;l~,~h~:~ :hal"~, slightly . 
sticky; ,sl~-~~7·fX 11llf,~t.~'H :~~ ,)~~~":! J;'.oots.; many fine and 
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